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The use of nest boxes to survey marginally distributed 
Fat dormouse Glis glis in Latvia  
































of	 forest	 insect	 pests	 (Mihelsons,	 Vilka	 1974).	 Common	 dormouse	 (Muscardinus 
avellanarius)	is	sometimes	observed	in	nest	boxes	for	birds	if	they	are	placed	in	habitats	
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suitable	for	this	dormouse	species	(Štrauss	1959;	Štrausa	1999).	Nest	boxes	for	birds	were	















during	 the	 initial	 stage	of	 the	 studies	had	practical	 experience	on	G. glis	 identification	











2003)	 and	 detailed	 descriptions	 can	 be	 found	 in	 a	 monograph	 on	 the	 National	 Park	
(Pilāts	 2007a).	 Study	 sites	 were	 established	 in	 natural	 undisturbed	mixed	 woods	 with	






















pinewood	 is	 situated	between	 the	 slope	 and	 the	River	Gauja.	An	abandoned	 farmland	
is	 found	 to	 the	North	 on	 the	 slope’s	 upper	 edge.	At	 that	 direction	 at	 a	 distance	 of	 0.3	



























×	 280	mm	and	with	 an	 entrance	 hole	 diameter	 of	 40	mm.	The	design	 of	 the	wooden	
nest	boxes	was	similar	to	that	introduced	by	Māris	Čauns	for	small	cavity-nesting	birds	

















































area.	 As	 reference	 area	 (area	 trapped)	 for	 density	 calculations	 we	 used	 both	 the	 area	
`covered`	by	nest	boxes	(distinctive	narrow	belt	of	mixed	broadleaf	forest	on	a	steep	slope	






Site Number of nest Month and year Distance Placement Coordinates
 boxes tubes of set up between boxes (m) 
A	 40	(50)	 7	 November	2004	 15	-	45	 in	2	lines	 57°14'55.33''	N
	 	 	 	 	 	 24°59'5.73''	E
B	 15	 -	 July	2006	 20	-	70	 in	1	line	 57°15'1.49''	N
	 	 	 	 	 	 25°0'7.84''	E
C	 13	 2	 July	2006	 30	-	50	 in	1	line	 57°16'35.52''	N
	 	 	 	 	 	 25°6'26.19''	E
D	 12	 3	 June	2006	 20	-	30	 in	1	line	 57°21'41.74''	N
	 	 	 	 	 	 25°5'34.01''	E
E	 14	 3	 August	2005	 30	-	60	 in	1	line	 57°19'53.28''	N
	 	 	 	 	 	 25°21'35.81''	E
Total	 94	(104)	 15
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Fig. 3.	Abundance	dynamics	of	Glis glis according	to	nest	boxes	occupied	and	number	of	dormice	
found	in	nest	boxes.	
In	site	A	a	significant	difference	(chi-square	=	8.29,	p	=	0.004)	was	found	in	nest	box	





















Use of nest boxes and nest tubes














Although	 the	 greater	 part	 of	 nest	 boxes	 remained	 unvisited	 by	G. glis	 during	 the	
study	period,	as	in	other	dormouse	studies	(e.g.	Morris	et	al.	1990;	Schlund	et	al.	1997;	





`status`	also	after	 food	was	put	 in.	There	was	also	no	evidence	 that	 food	 in	nest	boxes	
would	attract	other	dormice;	i.e.	animals	which	were	not	recorded	yet	in	the	area.





Distribution and dispersal of the Fat dormouse in Gauja National Park
This	 study	 proved	 the	 usefulness	 of	 dormouse	 nest	 boxes	 in	 survey	 of	G. glis	 in	 the	





















landscape	 in	Gauja	National	 Park.	 It	 should	 be	 also	 taken	 into	 account	 that	 formerly	
(before	100	-	300	years)	the	landscape	in	Gauja	National	Park	was	even	more	open,	i.e.	less	
forested	(Pilāts	2007b)	than	today.	The	records	of	trapped	individuals	in	farms	confirms	



































However,	 density	 estimation	may	be	 biased	 for	 site	A	 as	 the	 distribution	of	G. glis	
within	the	forest	seems	to	be	rather	linear.	Estimation	of	abundance	by	number	of	dormice	
per	100	nest	boxes	might	be	a	better	index.	In	2008	the	density	of	marked	adults	(animals	












This	study	was	partly	 funded	by	 the	Latvian	Environmental	Protection	Fund.	We	are	grateful	 to	
all	 volunteers	 of	 Latvian	 Theriological	 Society	 and	 Gauja	 National	 Park	 Administration	 who	
participated	in	setting	up	of	nest	boxes	in	site	A.	Dr.	R.	Juškaitis	and	Dr.	J.	Ozoliņš	made	valuable	




Bako	 B.,	 Hecker	 K.	 2006.	 Factors	 determining	 the	 distribution	 of	 coexisting	 dormouse	 species	
(Gliridae,	Rodentia).	Pol. J. Ecol.	54:	379–386.




Dzalba	I.	2007.	The Evaluation of the Nest Site Selection by the Fat Dormouse Glis	glis L. in Gauja 
National Park.	Diploma	 theses,	Agricultural	University	 of	Latvia,	 Jelgava.	 (in	Latvian)	 /Lielā	
susura	Glis glis	dzīvesvietas	novērtējums	Gaujas	nacionālā	parka	teritorijā/
Gaisler	 J.,	 Holas	 V.,	 Homolka	 M.	 1977.	 Ecology	 and	 reproduction	 of	 Gliridae	 (Mammalia)	 in	
Northern	Moravia.	Folia Zool.	26:	213–228.




Juškaitis	R.	1999.	Mammals	occupying	nest	boxes	 for	birds	 in	Lithuania.	Acta Zool. Lituanica	 9:	
19−23.
Juškaitis	 R.	 2000.	 Abundance	 dynamics	 of	 common	 dormouse	 (Muscardinus avellanarius),	 fat	
dormouse	 (Glis glis)	 and	 yellow-necked	mouse	 (Apodemus flavicollis)	 derived	 from	 nestbox	
occupation.	Folia Theriol. Estonica	5:	42–50.
Juškaitis	 R.	 2003.	 New	 data	 on	 distribution,	 habitats	 and	 abundance	 of	 dormice	 (Gliridae)	 in	
Lithuania.	Acta Zool. Hung.	49:	55–62.
Juškaitis	R.	 2006.	 Interactions	between	dormice	 (Gliridae)	 and	hole-nesting	birds	 in	nest	 boxes.	
Folia Zool.	55:	225–236.
Juškaitis	R.	2008.	The Common Dormouse Muscardinus	avellanarius: Ecology, Population Structure 
and Dynamics.	Institute	of	Ecology	of	Vilnius	University,	Vilnius.	163	p.
Juškaitis	 R.,	 Šiožinytė	 V.	 2008.	 Habitat	 requirements	 of	 the	 common	 dormouse	 (Muscardinus 
avellanarius)	and	the	fat	dormouse	(Glis glis)	in	mature	mixed	forest	in	Lithuania.	Ekológia	27:	
143–151.	
Kasparsons	Ģ.	 1970.	A	 record	 of	 the	wood-dormouse	 (Dryomys nitedula	 Pallas)	 in	 Latvia.	LVU 
Zooloģijas muzeja raksti	5:	61–63.	(in	Latvian)	/Meža	susura	(Dryomys nitedula	Pallas)	atradums	
Latvijā/
Koppmann-Rumpf	B.,	Heberer	C.,	Schmidt	K.H.	2003.	Long	term	study	of	the	reaction	of	the	edible	
Dormouse	Glis glis	 (Rodentia:	 Gliridae)	 to	 climatic	 changes	 and	 its	 interactions	 with	 hole-
breeding	passerines.	Acta Zool. Hung.	49:	69–76.
The use of nest boxes to survey Fat dormouse	 17
Kryštufek	B.,	Hudoklin	A.,	Pavlin	D.	2003.	Population	biology	of	the	Edible	Dormouse	Glis glis	in	a	
mixed	montane	forest	in	central	Slovenia	over	three	years.	Acta Zool. Hung.	49:	131–137.
Mihelsons	H.,	Vilka	I.	1974.	Nest Boxes for Cavity-nesting Birds.	Zinātne,	Rīga.	56	p.	(in	Latvian)	
/Būrīši	dobumperētājiem	putniem/





Morris	 P.A,	 Bright	 P.W.,	 Woods	 D.	 	 1990.	 Use	 of	 nest	 boxes	 by	 the	 dormouse	 Muscardinus 
avellanarius.	Biol. Conserv.	51:	1–13.
Morris	P.A.,	Temple	R.K.	1998.	 ‘Nest-tubes’:	 a	potential	new	method	 for	controlling	numbers	of	
edible	dormice	(Glis glis)	in	plantations.	Quart. J. Forestry	92:	201–205.
Pētersons	G.	2003.	Inventory Results of Protected Animals in Zvārde.	Report.	Jelgava.	(In	Latvian)	
/Aizsargājamo	dzīvnieku	sugu	inventarizācijas	rezultāti	Zvārdē/
Pilāts	V.	2003.	The	Fat	dormouse	(Glis glis)	 in	Gauja	National	Park	–	 the	most	northern	 locality	
within	the	species’	distribution	range?	Acta Zool. Hung.	49:	131–137.
Pilāts	 V.	 (ed)	 2007a.	 Biodiversity in Gauja National Park.	 Gauja	 National	 Park	 Administration,	
Sigulda.	240	p.	(In	Latvian)	/Bioloģiskā	daudzveidība	Gaujas	nacionālajā	parkā/




Storch	 G.	 1978.	Glis glis	 (Linnaeus,	 1766)	 –	 Siebenschläfer.	 In:	 Niethammer	 J.,	 Krapp	 F.	 (eds)	






Štrausa	 I.	 1999.	 Common dormouse Muscardinus	 avellanarius in nest boxes.	 Diploma	 theses,	
University	of	Latvia,	Rīga.	(In	Latvian)	/Lazdu	susuri	Musdardinus avellanarius	būrīšos/
Štrauss	U.	1959.	Common	dormouse	(Muscardinus avellanarius	L.)	in	the	Latvian	SSR.	In:	Lūsis	J.J.	





Žagars	M.,	Rozenfelds	K.	2003.	The Study on Fat Dormouse (Myoxus	glis) in Microreserve at Skrīveri.	
Student's	research	work.	Andreja	Upīša	Skrīveru	vidusskola.	(in	Latvian)	/Lielā	susura	(Myoxus 
glis)	izpēte	Skrīveru	mikroliegumā/
18	 V. Pilāts, D. Pilāte, I. Dzalba
Morphological variability and genetic diversity within 
Latvian and Swedish sweet cherry collections 































by	 Pēteris	Upītis,	 famous	 Latvian	 horticulturist	 (Blukmanis	 et	 al.	 1997).	This	material	
includes	both	samples	from	expeditions	(mostly	wild	growing	trees	and	landraces),	as	well	
as	hybrids	from	breeding	programs.	Unfortunately,	detailed	information	on	breeding	and	
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collection	sources	is	not	available.	It	is	only	known	that	mainly	local	plant	material	was	
used	for	both	selection	of	advanced	varieties	and	for	hybridization	(Ruisa	1998).	Varieties	



















not	 associated	with	 a	 particular	 trait.	 Investigations	 of	 germplasm	 should	 include	 also	








but	 complex	 traits	 such	 as	 adaptivity,	 reproductivity	 or	 response	 to	 environmental	 or	
treatment	conditions.
The	most	widely	used	multidimensional	 analysis	methods	 in	PGR	 characterization	
are	Principal	Component	Analysis	 (PCA)	and	cluster	analysis.	The	advantages	of	PCA	







classifying	 accessions	 in	 a	 germplasm	collection.	This	 is	 the	only	possibility	 to	 classify	
accessions	with	unknown	origin,	as	in	case	of	the	Latvian	material.	
The	 goal	 of	 this	work	was	 to	 characterize	 and	 evaluate	 Latvian	 and	 Swedish	 sweet	
cherry	 genetic	 resources	 using	 multivariate	 statistic	 analysis.	 Assessment	 of	 genetic	
diversity	 based	 on	morphological	 data	 and	 determination	 of	 the	 variation	 patterns	 in	











Survey	 at	 LIFG	was	made	 in	 July	 -	August	 for	 three	 successive	 years	 using	 26	 leaf	






scale)	were	 estimated	 for	 each	year	 separately	 and	average	values	were	determined	 for	
each	accession.
The	collection	at	 the	SLU-Balsgård	was	evaluated	using	19	traits	(Table	2)	 for	 three	
successive	 years.	 The	 characterization	 descriptor	 lists	 were	 based	 on	 UPOV	 (UPOV	


















PCA	was	 conducted	on	 all	 of	 26	 traits	 (Table	 1).	 In	 total,	 74.17	%	of	 the	observed	
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leaves	 (PC3-PC4);	 Dogan’s	 Gelbe	 Knorpelkirsche	 and	 PU-14419	 –	 large	 yield	 (PC6-
PC8);	 Leningradskaya	 Czornaya	 –	 very	 small	 leaves,	 low	 yield	 (PC3-PC8);	 PU-300	 –	








had	 little	 informativity	 in	 the	 cluster	 discrimination	 (Table	 3).	The	 highest	 variability	










fruit	 size,	 late	flowering	and	maturing	season,	and	good	 fruit	yield.	Sub-cluster	2a	was	









Cluster	 4	 consisted	 only	 from	 one	 cultivar	 (Leningradskaya	Czornaya),	which	was	
distinct	because	of	very	small	leaf	blade	size.
Analysis of Swedish plant material
The	collection	at	SLU	was	characterised	by	accessions	with	medium	to	strong	tree	vigour,	
Factors / traits

































































































































































































































































































































































































































































































































































































































































































































































































































































































































Swedish	 accessions	 in	 general	 had	 medium	 fruit	 firmness	 with	 good	 separation	
from	 a	 stalk.	The	 collection	 at	 SLU	 contained	mostly	 red	 and	 dark	 red	 colored	 fruits.	
Swedish	 sweet	 cherry	genetic	 resources	 contained	mostly	 accessions	with	 intermediate	
susceptibility	 to	 diseases	 (4.30	 points).	 Susceptibility	 to	Pseudomonas syringae	 was	 an	
exception	(5.57	points	in	average).	
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round	 shape	of	 fruits,	 large	 to	very	 large	 size	of	 fruits,	firm	 fruits	with	weak	 juiciness.	






Cluster	3	was	distinguished	by	high	density	of	head,	 and	very	 low	 susceptibility	 to	























high	 density	 of	 head,	 and	 high	 firmness	 of	 fruits.	 It	 also	 showed	 low	 susceptibility	 to	
diseases.
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Discussion
Since	both	sweet	cherry	collections	have	different	historical	and	geographical	origin	and,	
therefore	 genetic	 background,	 they	 showed	 clear	 differentiation	 of	 important	 breeding	
traits.	The	Latvian	 collection	 represents	 locally	well	 adapted	 accessions,	which	 showed	
comparatively	 high	uniformity	 in	 traits	 suited	 to	 local	 environmental	 conditions:	 high	
disease	 resistance,	 winterhardiness,	 but	 comparatively	 low	 fruit	 quality.	 The	 Swedish	
collection	 includes	mostly	accessions	which	produce	high	quality	 fruits.	Combining	of	
both	gene	pools	may	favour	development	of	locally	well	adapted,	high	quality	cultivars.	





in	 breeding,	 because	 better	 plant	 material	 description	 allows	 to	 more	 easy	 identify	
interesting	properties	and	make	sure	that	the	whole	spectra	of	variation	is	preserved.
Characterization	 also	 provided	 data	 for	 further	 analyses	 of	 material,	 including	
multivariate	 statistical	 analyses	 (PCA	 and	 cluster	 analysis),	 which	 allowed	 to	 obtain	
a	overall	view	of	 the	existing	plant	material	variability,	based	on	the	complete	range	of	





tree	 architecture	 traits,	which	were	 associated	with	 the	first	PC	with	a	high	percent	of	
variability	(Tables	1	and	2).	As	those	traits	are	also	important	in	breeding,	more	attention	
should	be	paid	to	them	during	further	evaluation	activities	in	sweet	cherries	collections.	













cluster	 analysis	 discovered	 grouping	 of	 accessions	 within	 the	 collections.	 Although	
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Cloning and expression of a recombinant immunogenic 
truncated BBK32 protein of Borrelia afzelii 
Renate Ranka1*, Valentina Capligina1, Kalvis Brangulis1, 





Borrelia burgdorferi,	 the	 Lyme	 disease-causing	 spirochete,	 is	 often	 found	 associated	 with	 host	
connective	 tissue,	 where	 it	 interacts	 with	 components	 of	 the	 extracellular	 matrix,	 including	









the	 recombinant	 truncated	 BBK32	 protein	 has	 specific	 antigenic	 properties.	The	 availability	 of	
recombinant	 immunogenic	BBK32	protein	provides	 a	new	opportunity	 for	 biochemical	 analysis	













Latvia:	B. burgdorferi sensu	stricto,	Borrelia afzelii	(the	most	prevalent	species	in	Europe)	
and	Borrelia garinii	(Ranka	2004).	Very	recently,	the	fourth	pathogenic	borrelia	species	
Borrelia spielmanii	was	delineated	in	Europe	(Richter	2006).	Significant	antigenic	variation	
34	 R. Ranka, V. Capligina, K. Brangulis, V. Sondore, V. Baumanis






In	 spite	 of	 numerous	 investigations	 of	 the	 nature	 of	 Lyme	 disease,	 knowledge	 of	
the	 pathogenicity	 and	 the	 virulence	 factors	 involved	 is	 still	 insufficient.	The	 ability	 of	
B. burgdorferi sensu	 lato	 to	 encounter	 and	 persistently	 infect	 diverse	 vertebrate	 hosts	
frequently	 requires	complex	environmental	 sensing	mechanisms	 involving	coordinated	







Lipoprotein	 BBK32	 was	 identified	 as	 a	 typical	 fibronectin-binding	 adhesin	 of	 B. 
burgdorferi	 (Probert	 1998).	 Recently	 it	 was	 shown	 that	 BBK32	 induces	 the	 formation	
of	 fibronectin	 aggregates	 (Prabhakaran	 2009)	 and	 is	 required	 for	 the	 initiation	 of	
microvascular	 interactions	 between	 borrelia	 and	 the	 host	 (Norman	 2008).	The	BBK32	
protein	 was	 also	 identified	 as	 an	 antigen	 that	 elicits	 an	 antibody	 response	 in	 infected	
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PCR amplification of BBK32 gene and sequence analysis
A	 PCR-based	 approach	 was	 used	 to	 amplify	 and	 sequence	 the	BBK32	 gene	 from	 the	
ACAI	isolate	of	Borrelia afzelii	genomic	DNA	(kindly	donated	by	S.	Bergstrom,	Umeå),	
as	described	elsewhere	(Heikkila	2002).	The	PCR-amplified	full-length	bbk32	gene	was	
sequenced	by	 standard	 technique	using	an	ABI	Prism	3100	Genetic	Analyzer	 (Perkin-
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Elmer,	USA).	The	clone	gene	was	conceptually	translated	and	compared	with	sequences	
in	 the	 GenBank	 database	 using	 the	 BLAST	 program.	 Protein	 sequence	 analysis	 was	
carried	 out	 by	 using	 Software	 from	 the	 ExPASy	 Proteomics	 Server	 (Swiss	 Institute	 of	
Bioinformatics,	http://www.expasy.ch/).
Construction and cloning of recombinant plasmid
Insert	DNA	encoding	full	length	BBK32	gene	and	BBK	gene	fragment	were	amplified	by	
PCR	from	B. afzelii ACAI	DNA.	
The	 coding	 region	 corresponding	 to	BBK32	 (Ala2	 -	Tyr352)	was	 amplified	with	 5’	
ccccatgggaaaaattaaaagtaaatg	 3’	 and	 5’	 ggctgcagtcaatggtgatggtgatggtggtaccaaacaccattctt	
3’,	 where	 the	 restriction	 sites	 are	 underlined.	 The	 coding	 region	 corresponding	
to	 BBK32	 fragment	 (Ala2	 -	 Lys215,	 designated	 as	 BS4)	 was	 amplified	 with	 5’	
ccccatgggaaaaattaaaagtaaatg	 3’	 and	 5’	 ggctgcagtcaatggtgatggtgatggtgtttaacaccctctagata	
3’,	 where	 the	 restriction	 sites	 are	 underlined.	 Cloning	 primers	 were	 designed	 to	 be	
complementary	to	the	BBK32	sequence	of	B. afzelii	strain	600	(AF472528).	NcoI	and	PstI	
sites	were	 arranged	 in	 the	 forward	 and	 reverse	 primers,	 respectively,	 and	 six	 histidine	
coding	DNA	fragments	were	arranged	in	the	reverse	primer.	Apmlification	of	the	target	
gene	was	confirmed	by	agarose	gel	electrophoresis.	Restriction	endonuclease	digestion,	
ligation,	 transformation,	 isolation	 of	 plasmid	 DNA	 and	 other	 standart	 recombinant	
techniques	were	performed	as	described	by	Maniatis	et	al.	(1982).	Briefly,	the	amplified	
fragment	was	 treated	with	 restriction	endonucleases,	purificated	 from	agarose	gel	with	
a	 DNA	 extraction	 kit	 (Fermentas)	 following	 manufacturer’s	 instructions,	 ligated	 into	
modified	 pBAD/Thio-TOPO	 vector	 (Invitrogen),	 and	 transformed	 into	 TOP10	E. coli	
cells.	The	cells	were	plated	onto	Luria-Bertani	agar	plates	containing	50	μg	mL-1	ampicillin.	






Small-scale expression of recombinant protein






expression	 was	 induced	 with	 arabinose	 at	 different	 concentrations	 (0.2	 -	 0.00002	 %,	
final	concentrations),	and	 induction	was	carried	out	at	37	 °C	 for	2	or	4	h.	Absorbance	
was	measured,	 and	an	aliquot	of	 cells	 from	each	 tube	corresponding	 to	2	units	of	OD	
was	removed.	Aliquots	were	centrifuged	 in	a	microcentrifuge	(~	2400	rpm)	 for	5	min,	
supernatant	was	removed,	and	pellets	were	frozen	at	–70	°C.	
Expression	 of	 recombinant	 protein	 was	 confirmed	 by	 SDS	 polyacrylamide	 (10	
%)	 gel	 electrophoresis	 (SDS-PAGE,	 as	 described	 by	 Laemmli	 1970)	 and	Western	 blot	
analysis	 (as	 described	 by	 Towbin	 et	 al.	 1979)	 using	 an	 Amersham	 Hybond-C	 Extra	
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nitrocellulose	membrane	(GE	Healthcare).	SDS-PAGE	separated	proteins	were	visualized	
by	Coomassie	 brilliant	 blue	R250	 staining	or	 by	 silver	 staining	 as	 described	 elsewhere	
(Walker	1996).	The	Western	blot	procedure	used	PentaHis	Antibody	(Qiagen)	and	anti-
mouse	immunoglobulin	G	peroxidase	conjugate	(Sigma-Aldrich).	The	bound	antibodies	
were	 detected	 using	 chemiluminiscent	 ELC	 Western	 Blotting	 Detection	 Reagents	
(GE	 Healthcare)	 following	 manufacturer’s	 instruction	 or	 visualized	 by	 incubating	 the	
membrane	 with	 3,3`-diaminobenzidine	 (Walker	 1996).	 A	 Spectra™	 Multicolor	 Broad	
Range	Protein	Ladder	and	Prestained	Protein	Molecular	Weight	Marker	(Fermentas)	were	
used	as	protein	molecular	weight	markers	during	SDS-PAGE	and	Western	blot	analysis.




Expression and purification of the recombinant antigen
Cultures	were	grown	in	50	mL	of	LB	broth	at	37	°C	with	aeration	to	an	absorbance	0.5	
-	 0.6	 at	 550	 nm.	Arabinose	was	 added	 to	 a	 0.02	%	final	 concentration,	 and	 induction	















Additionally,	 sera	 from	 two	 borrelia	 noninfected	 humans	 (without	 LB	 in	 history	
and	 commercial	 Lyme	 test	 negative	 sample)	 were	 also	 used	 in	 these	 immunoblotting	
experiments.	All	human	sera	were	diluted	1:1000	in	PBS-Tween	for	immunoblotting.
Immunoblot analysis with clinical samples
Immunoblot	analysis	for	the	reaction	between	recombinant	antigens	and	serum	samples	
from	 Lyme	 disease	 patients	 was	 performed	 as	 following.	 The	 recombinant	 antigens	
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with	 serum	 samples	 at	 1:1000	 dilution	 in	 PBS	 containing	 0.1	 %	 Tween	 20	 for	 1	 h	 at	
room	 temperature.	 After	washing	 the	membrane	 twice	 in	 PBST	 for	 5	min,	 secondary	
probing	was	 performed	with	 protein	A-peroxidase	 conjugate	 (Sigma)	 (1:1000	 dilution	
in	PBS	containing	5	%	skimmed	milk	and	0.1	%	Tween	20)	by	incubating	1	h	at	room	
temperature.	After	washing	twice	in	0.1%	Tween	20	PBS	for	5	min,	bands	were	detected	
with	 chemiluminiscent	 ELC	 Western	 Blotting	 Detection	 Reagents	 (GE	 Healthcare)	













sequence	was	 selected	 from	areas	of	predicted	hydrophilicity	 including	 the	N-terminal	
and	mid-portion	of	the	mature	sequence	(amino	acids	2	-	215).	The	fibronectin-binding	
domain	of	BBK32	(amino	acids	131	-	162;	Probert	2001)	was	also	included.	




Fig. 1.	Expression	vector	for	B. afzelii	BBK32.	B. afzelii	ACAI	BBK32	coding	sequence	was	inserted	
into	modified	pBAD/Thio-TOPO	vector	containing	the	ampicillin	resistance	marker.	Expression	of	
the	recombinant	protein	was	induced	by	arabinose.
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To	verify	 the	primary	selection,	each	single	colony	was	cultured	and	plasmid	DNA	








Expression of the recombinant antigen
The	recombinant	antigen	candidates	were	expressed	in	E. coli	strain	TOP10,	expression	
was	proved	by	SDS-PAGE	and	western	blot	analysis	with	PentaHis	antibodies	(Qiagen)	
and	Anti-mouse	HRP	antibodies	 (Sigma).	The	antigen	BS4	was	 identified	 as	 a	protein	
with	molecular	mass	of	approximately	35	kDa	(Fig.	2).	Bacterial	expression	was	optimized	
by	 analysis	 of	 protein	 expression	 on	 different	 amounts	 of	 arabinose	 (Fig.	 2B).	 E. coli 
containing	 recombinant	 vector	 expressed	 BS4	 only	 after	 arabinose	 induction,	 but	 no	
significant	 increase	 of	 recombinant	 protein	 production	was	 observed	 at	 different	 time	
Fig. 2.	Expression	of	recombinant	protein	BBK32	of	B. afzelii	in	E. coli.	Proteins	from	E. coli	lysates	






























Immunoreactivity of the recombinant antigens with patient serum
Five	 Lyme	 disease	 patient	 sera	 and	 two	 negative	 control	 human	 sera	 were	 used	 in	
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development	of	a	vaccine.	 In	search	 for	 these	appropriate	antigens	with	specificity	and	
sensitivity,	 a	 large	number	of	 research	papers	have	been	published.	These	 studies	have	
helped	to	determine	some	spirochetal	virulence	factors	(for	review	see	Steere	2005),	but	
Lyme	disease	pathogenesis	is	still	poorly	understood.
In	 this	 study	 we	 have	 cloned	 and	 expressed	 in	 E. coli	 the	 gene	 fragment	 of	 an	
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new	bands	of	proteins	with	smaller	molecular	weight	that	reacted	with	anti-His	antibodies.	
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In vitro behaviour of nodal explants of Portulaca 
grandiflora under the influence of cytokinins 





A	method	 for	 the	 micropropagation	 of	 Portulaca grandiflora	 Hook	 is	 described	 to	 understand	



















The	 family	Portulacaceae	 is	 characterized	by	 the	occurrence	of	betalains.	Portulaca 







is	more	 desirable	 than	 via	 an	 intermediate	 callus	 phase	 (Larkin,	 Scrowcroft	 1981).	 In	














grandiflora	 growing	 in	 the	 botanical	 garden	 of	 the	 Maharaja	 Sayajirao	 University,	














Nodal	 explants	 of	 P. grandiflora	 were	 cultivated	 on	 MS	 medium	 supplemented	 with	
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within	a	week.	All	regenerated	shoots	were	free	from	callus	tissues	at	their	proximal	ends.	
For	BAP	alone	the	maximum	effect	was	observed	at	10	µM,	while	for	KIN	at	2	µM	(Table	
1).	 Similar	 results	were	observed	 for	 leaf	 formation.	The	number	of	 leaves	per	 explant	
increased	with	anincrease	in	BAP	concentration	with	the	maximum	response	at	10	µM.	
The	number	of	leaves	per	explant	decreased	with	increase	in	KIN	concentration	(Table	1).	
When	KIN	was	combined	with	BAP,	 it	was	 found	 that	KIN	stimulated	 faster	BAP-
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Table 1.	Effect	of	 cytokinins	kinetin	 (KIN)	and	6-benzylaminopurine	 (BAP)	on	development	of	
nodal	explants	of	Portulaca grandiflora	after	four	weeks	in	tissue	culture
 Cytokinin concentration  Number of shoots Number of leaves
 (µM) per explant ± SE per explant ± SE
 KIN BAP 
	 -	 -	 0	 0
	 2	 -	 2.8	±	0.2	 9.7	±	1.0
	 4	 -	 2.2	±	0.3	 7.2	±	0.9
	 8	 -	 2.5	±	0.3	 9.1	±	1.1
	 10	 -	 2.7	±	0.3	 9.3	±	1.1
	 -	 2	 2.7	±	0.9	 7.2	±	1.8
	 -	 4	 3.2	±	1.1	 8.5	±	3.0
	 -	 8	 3.5	±	0.7	 7.5	±	1.0
	 -	 10	 3.7	±	0.3	 9.5	±	1.0
	 2	 2	 2.8	±	0.4	 8.0	±	0.6
	 2	 4	 2.5	±	0.3	 8.6	±	0.4
	 2	 8	 2.4	±	0.6	 8.5	±	1.2
	 2	 10	 3.1	±	0.6	 8.5	±	1.4
	 4	 2	 3.3	±	0.2	 10.5	±	1.0
	 4	 4	 3.1	±	0.4	 7.0	±	1.2
	 4	 8	 3.6	±	0.6	 8.8	±	1.6
	 4	 10	 3.6	±	0.6	 9.6	±	0.8
	 8	 2	 4.0	±	0.6	 11.8	±	2.8
	 8	 4	 3.8	±	1.7	 12.0	±	1.9
	 8	 8	 3.2	±	0.4	 7.1	±	0.7
	 8	 10	 3.0	±	0.8	 9.5	±	2.2
	 10	 2	 2.7	±	0.5	 6.5	±	1.0
	 10	 4	 3.7	±	0.5	 9.5	±	1.3
	 10	 8	 2.7	±	0.5	 7.5	±	1.8
	 10	 10	 2.0	±	0.4	 7.3	±	0.8











thin	and	 slender.	However,	within	 three	weeks	 they	developed	 into	 slightly	 stout	 roots	
which	were		ready	for	hardening.	
Discussion
In	 the	 present	 investigation	 cytokinins	 BAP	 and	 KIN	 were	 used	 for	 multiple	 shoot	
formation	 in	Portulaca grandiflora in vitro.	 In	general,	bud	 	break	and	development	of	
shoots	from	stem	node	explants	is	a	function	of	cytokinin	activity	(Sahoo,	Chand	1998).	In	
the	present	study	axillary	shoot	buds	were	formed	under	the	influence	of	both	cytokinins.	
Further	more	 the	 axillary	 branching	 and	multiplication	 of	 shoots	 occurred	 without	 a	
callus	phase.	Similar	findings	have	been	reported	in	Pterocarpus	on	treatment	with	BAP	
and	KIN	(Anuradha,	Pullaiah	1999).	
Shoot	 tip	 necrosis	 was	 encountered	 in	 this	 experiment,	 which	 was	 augmented	 by	
subculturing	 on	 the	 same	 medium	 frequently.	The	 use	 of	 cytokinins	 as	 plant	 growth	
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It	 was	 found	 in	 the	 present	 study	 that	 when	 the	 low	 KIN	 concentration	 was	
supplemented	 with	 BAP,	 both	 the	 number	 of	 shoots	 per	 explant	 and	 the	 number	 of	
leaves	per	explant	 increased.	Optimum	response	was	obtained	at	8	μM	KIN	plus	2	μM	





supplemented	 with	 2	 μM	 IBA.	 Similarly,	 best	 rooting	 at	 half	 strength	 MS	 medium	
supplemented	 with	 IBA	 was	 obtained	 in	Vitex	 (Balaraju	 et	 al.	 2008),	Pappea capensis	
(Mngomba	 et	 al.	 2007),	 and	 Bambusa balcooa	 (Das,	 Pal	 2005).	 Thus	 in	 the	 present	
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Influence of climate on earlywood vessel formation of 
Quercus robur at its northern distribution range 
in central regions of Latvia  




Annual	 variation	 in	 vessel	 cross-section	 area	 suggests	 that	 vessels	 as	 water	 transport	 tissues	 in	


















valuable	 annual	 information	 about	 climate,	 competition,	 predators,	 diseases,	 human	
impacts	and	radial	growth	of	young	and	old	trees	grown	on	different	soils	(Wimmer	2002;	
García-González,	Eckstein	2003;	Schweingruber	2007).	
Tree-ring	 width,	 earlywood	 and	 latewood	 width	 and	 density,	 and	 stable	 isotope	
composition	 in	wood	 are	 the	most	widely	 used	 parameters	 in	 dendroscience.	Genetic	
factors	determine	the	basic	structure	of	wood	anatomy	(Fritts	2001)	but	environmental	
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et	al.	2006;	Steppe,	Lemeur	2007).	Earlywood	vessels	usually	are	generated	before	budbreak	














conditions	 only	 earlywood	with	 large	 vessels	 is	 produced	 in	 Portuguese	 oak	 (Quercus 
faginea	Lamk.)	 rather	 than	 latewood	 to	 compensate	water	 loss	by	 improving	 transport	
(Corcuera	et	al.	2004a).	Holm	oak	(Q. ilex	L.)	 (Corcuera	et	al.	2004a)	and	English	oak	
(Q. robur	 L.)	 showed	 decrease	 in	 vessel	 size	 caused	 by	 drought	 but	 in	 sessile	 oak	 [Q. 
petrea	(Mattuscha)	Liebl.]	repeated	defoliation	led	to	a	significant	increase	in	the	vessel	




young	 trees,	 vessel	 size	 variables	 still	 can	 be	 a	 useful	 tool	 in	 dendroecological	 studies	
(Heinrich,	Gärtner	2008).	
The	use	of	 time	series	of	earlywood	and	latewood	vessel	 features	 is	becoming	more	
popular	 also	 in	 dendroclimatology.	 Time	 series	 of	 vessels	 lumen	 area	 display	 little	
autocorrelation	and	show	a	greater	 stability	 through	 time	compared	 to	 tree-ring	width	




sweet	 chestnut	 (Castanea sativa	Mill.)	 (Fonti,	García-González	 2004;	García-González,	
Fonti	 2006;	 García-González,	 Fonti	 2008),	 beech	 (Fagus sylvatica	 L.)	 and	 oaks	 (Sass,	
Eckstein	1995;	van	der	Werf	et	al.	2007).	There	have	been	a	few	studies	on	the	influence	
of	 climate	 on	 the	 vessel	 size	 of	 ring-porous	 oaks	 in	 Switzerland	 (Eilmann	 et	 al.	 2006;	
Fonti,	García-González	 2008;	 Fonti	 et	 al.	 2009),	 at	 their	 northern	distribution	 limit	 in	
Canada	 (St.	George,	Nielsen	 2003;	 Tardif,	Conciatori	 2006)	 and	 in	 an	 oceanic	 climate	
(García-González,	Eckstein	2003),	and	it	was	recommended	to	use	vessels	as	a	proxy	for	
dendroclimatic	reconstruction.	Little	is	known	about	climate	controls	on	vessel	features	














Sample collection, preparation and measurements
Samples	were	taken	using	a	Pressler	increment	corer	from	living	oaks	at	~1.4	m	height	
above	tree	base	(breast	height).	Two	cores	were	taken	from	each	tree	on	opposite	sides	
of	 the	 stem.	Trees	 growing	 on	 relatively	 slight	 slopes	were	 cored	 on	 sides	 of	 the	 stem	
perpendicular	to	the	slope.	Trees	growing	on	steep	slopes	were	not	cored	to	avoid	tension	
wood	effect	on	vessel	development.	Samples	were	taken	in	autumn	2008.	
In	 the	 laboratory	 samples	 (increment	 cores)	were	 dried,	 glued	 into	 fixation	 planks	
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Mean	 yearly	 vessel	 lumen	 area	 (VLA)	 for	 individual	 trees	was	 calculated,	 and	used	 to	


















Sampling plot Number of trees  Number of Reference period
 cored suitable samples  (years)
Kandava	 11	 16	 1906	-	2008
Sēme	 10	 15	 1905	-	2008
Dzirciems	 10	 19	 1900	-	2008
Tukums	 10	 15	 1941	-	2008
Lobe	 12	 19	 1900	-	2008
Total	 53	 84	














and	 four	 negative	 significant	 correlations	 were	 identified	 for	 68	 climatic	 factors.	The	
highest	absolute	correlation	value	was	0.53	(with	spring	average	temperature),	lowest	–0.16	
(previous	year	March	temperature).	Significant	monthly	precipitation	and	temperatures	







were	more	 correlations	with	 current	 than	with	 previous	 year	 climatic	 factors.	Current	
year	April	precipitation	showed	a	negative	correlation	only	in	one	sampling	plot,	previous	
August	precipitation	 showed	 three	negative	 correlations.	Overall	only	 a	 few	 significant	







could	be	due	 to	 an	 ageing	 effect	or	 changes	 in	 environmental	 factors	 (Fritts,	 Swetnam	









































Table 3.	 Significant	 (a	=	0.05)	 correlations	 (r)	of	mean	vessel	 lumen	area	of	Quercus robur	with	
monthly	and	seasonal	mean	temperature	and	precipitation	sum
    Current year     Previous year
	 Oct		 0.29	 		 		 		 		 		 		 		 		 	
	 Nov	 		 		 		 		 		 		 		 		 		 	
	 Dec		 0.23	 		 0.34	 0.21	 		 		 		 		 		 	
	 Jan		 0.27	 		 0.23	 0.30	 0.29	 		 		 		 		 	
	 Feb		 		 		 		 0.30	 0.27	 		 		 		 		 	
	 Mar		 		 0.24	 0.23	 0.25	 0.49	 		 		 		 0.16	 	
	 Apr		 0.26	 0.32	 0.42	 0.40	 		 		 		 		 0.27	 	
	 May		 		 		 		 		 0.30	 0.28	 0.24	 		 		 0.26
	 Jun		 		 0.32	 		 		 0.28	 		 0.20	 		 0.22	 	
	 Jul		 		 		 		 		 		 		 		 		 		 	
	 Aug		 		 0.28	 		 0.25	 		 		 0.25	 0.23	 0.26	 	
	 Sep		 		 		 		 		 		 		 		 		 		 	
	 Oct		 		 		 		 		 		 		 		 		 0.25	 	
	 Nov		 		 		 		 		 		 		 		 		 		 	
	 Dec		 		 		 		 		 		 		 		 		 		 	
	 Jan		 0.25	 		 		 		 		 		 		 		 		 	
	 Feb		 		 		 		 		 		 		 		 		 		 	
	 Mar		 		 		 		 		 		 		 		 		 		 	
	 Apr		 		 		 		 -0.21	 		 		 		 		 		 	
	 May		 0.26	 0.19	 		 		 		 		 		 		 		 	
	 Jun		 0.19	 		 		 		 		 0.27	 		 		 		 	
	 Jul		 		 		 		 		 		 		 		 		 		 	
	 Aug		 		 		 		 		 		 		 -0.17	 -0.24	 -0.29	 	
	 Sep		 		 0.17	 		 		 		 		 		 		 		 	
	 Autumn	0.24	 0.30	 		 		 		 		 		 		 		 	
	 Winter	 0.27	 0.22	 0.35	 0.37	 0.28	 		 		 		 		 	
	 Spring	 0.24	 0.35	 0.34	 0.34	 0.53	 		 0.27	 		 0.26	 0.28
	 Summer	 		 0.33	 		 0.22	 		 		 0.26	 		 0.25	 0.24
	 Season	 0.29	 0.41	 0.40	 0.43	 0.44	 		 0.30	 		 0.28	 0.27
	 Autumn	 		 0.20	 		 		 		 		 0.22	 		 		 	
	 Winter	 		 		 		 		 		 		 		 		 		 	
	 Spring	 		 		 		 		 		 		 		 		 		 	
	 Summer	0.20	 		 		 		 		 		 		 		 		 	
















































































Correlation	 analysis	 showed	 that	 temperature	 has	 been	 a	 more	 important	 factor	
affecting	vessel	formation	than	precipitation.	Current	year	winter	and	spring	monthly	mean	
temperatures	(except	February	and	May)	had	the	most	important	role	in	vessel	formation	
among	 temperature	 factors,	 showing	 the	highest	 correlation	coefficients	 and	occurring	
in	most	sites.	English	oak	is	known	to	require	a	higher	temperature	in	the	beginning	of	
the	growth	season	(Jones	1959),	and	this	is	likely	to	be	more	evident	close	to	its	northern	














Precipitation	 showed	 a	 minimal	 effect	 compared	 with	 temperature	 (significant	
correlation	coefficients	scattered	between	sites,	low	values)	on	vessel	formation	despite	the	
fact	that	oaks	were	growing	on	dry	forest	habitats.	This	suggests	non-limiting	availability	




August	 precipitation	 (observed	 in	 three	 plots)	might	 be	 related	with	water	 abundance	
in	soil	at	the	end	of	growing	season	causing	stress	and	vessel	size	(area)	reduction	in	the	
next	season.	Seasonal	precipitation	sums	in	general	also	had	a	low	influence;	correlation	






Garcia-Gonzalez	 and	Fonti	 (2006)	 indicated	 that	 vessel	 area	of	 sweet	 chestnut	 showed	
negative	 correlation	 with	 spring	 and	 a	 positive	 relation	 (in	 some	 sites)	 with	 summer	
temperatures.	Also	they	found	a	climate	effect	on	vessel	size	(area)	in	different	parts	of	
tree-ring	(early	wood	and	latewood).		
Climatic	 signals	 contained	 in	 vessel	 sizes	 can	 also	 be	 identified	 in	 central	 Latvia.	
Consequently,	VLA	can	be	applied	for	dendroclimatology.	The	climatic	signals	were	stronger	
and	more	homogeneous	compared	to	tree-ring	climatic	signals	(Matisons,	unpublished	
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provide	 more	 selective	 information	 (Wimmer	 2002;	 Garcia-Gonzales,	 Eckstein	 2003;	
Tardif,	Conciatori	 2006).	VLA	 is	well	 related	 to	 spring	 temperatures	 in	 the	 study	 sites	
(central	parts	of	Latvia),	but	correlation	with	precipitation	(as	a	non	 limiting	 factor)	 is	
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Relationship between arterial pressure and 
pulse wave velocity using photoplethysmography 
during the post-exercise recovery period
Zbignevs Marcinkevics1*, Mara Greve1, Juris Imants Aivars1, 







beat	blood	pressure	measurement	 is	 still	a	complicated	and	expensive	procedure.	There	 is	a	 lack	
of	agreement	on	the	optimal	blood	pressure	measurement	technique.	Potentially	the	most	useful	
indirect	 parameter	 for	 blood	pressure	monitoring	 could	be	pulse	wave	 velocity	 or	 the	 inverse	–











Key words:	 non-invasive	 continuous	 blood	 pressure;	 photoplethysmography;	 pulse	 transit	 time;	
pulse	wave	velocity.	
Introduction
In	 recent	 years	 cardiovascular	 disease	 has	 become	 a	 major	 reason	 for	 high	mortality	
in	 western	 countries;	 therefore	 a	 non-invasive	 and	 continuous	 system	 for	monitoring	
cardiovascular	 parameters	 would	 be	 of	 great	 interest	 to	 clinicists	 and	 sport	 medicine	
physicians.	One	of	the	most	important	parameter’s	for	the	assessment	of	cardiovascular	
system	 is	 arterial	 blood	 pressure	 (BP).	 Chronic	 high	 blood	 pressure	 may	 lead	 to	
cardiovascular	diseases	and	consequently	is	a	risk	factor	for	death.	Currently,	ambulatory	
blood	 pressure	monitoring	 is	 limited	 to	 simple	measurement	 of	 systolic	 and	 diastolic	
blood	pressure	at	intervals.	A	continuous	measurement	of	BP	might	provide	more	useful	
Acta Universitatis Latviensis, 2009, Vol. 753, Biology, pp. 59–68
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information	about	a	person’s	health	condition	 in	clinics	and	at	home.	The	most	 logical	
approach	 for	 continuous	 cardiovascular	 monitoring	 of	 a	 large	 population	might	 be	 a	
simple,	non-intrusive	pressure	measurement.	
Despite	many	efforts	 in	 the	past	 concerning	non-intrusive	methods	 for	 continuous	
blood	pressure	measurement,	there	is	still	a	lack	of	agreement	on	the	optimal	measurement	
technique.	
Potentially	 the	most	 useful	 and	 convenient	 indirect	 parameter	 for	 continuos,	 non-
intrusive	 blood	 pressure	monitoring	 are	 either	 the	 pulse	 wave	 velocity	 (PWV)	 or	 the	
inverse	–	pulse	transit	time	(PTT).	In	general	the	PTT	refers	to	the	time	it	takes	a	pulse	
wave	 to	 travel	between	two	arterial	 sites.	There	are	a	number	of	different	sophisticated	
pulse	 transit	 time	 measurement	 techniques	 such	 as	 the	 Ultrasound	 Doppler,	 arterial	
tonometry,	and	the	so	called	“two	point”	PPG	method	(Smith	et	al.	1999;	Kanda	et	al.	2000;	
Lykogeorgakis	2002).	However,	the	simplest	and	most	convenient	method	is	to	compute	















although	 others	 still	 argue	 and	 consider	 this	method	 to	 be	 a	weak	 surrogate-measure	
(Young	et	al.	1995;	Payne	et	al.	2006).	The	relationship	between	pulse	 transit	 time	and	
arterial	pressure	may	vary	due	to	numerous	physiological	factors.	







It	 is	 important	 to	resolve	 the	contradictions	of	 the	PTT	approach	for	non-intrusive	












19	 to	 21	 years.	 Before	 the	 experimental	 procedure	 subjects	 completed	 a	 questionnaire	
and	the	findings	were	used	during	a	health	assessment.	Only	those	individuals	with	no	





invasively.	To	alter	 the	P,	 the	subject	performed	a	graded	bicycle	exercise	 test.	Subjects	
cycled	at	three	different	stages:	males	–	2	min	at	150	W,	2	min	at	180	W	and	3	min	at	210	
W;	females	–	2	min	at	120	W,	2	min	at	150	W	and	3	min	at	180	W.
The	 exercise	 and	 measurements	 were	 carried	 out	 in	 a	 well-ventilated	 room	 at	
temperature	23	to	25	°C.	
We	began	data	acquisition	from	one	minute	after	cycling	cessation	and	continued	until	
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Statistical	 analysis	of	 the	data	was	performed	on	SigmaStat	2.0,	 SPSS	10.0	 (SPSS®)	 and	
Matlab	5.3	(Math	Works®)	software	packages.	
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PPG	records	pulse	waves,	but	 they	do	 so	on	 the	basis	of	different	physical	parameters	
–	SFG	measures	oscillations	of	conduit	artery	diameter,	while	for	PPG	–	blood	volume	
oscillations	are	measured	from	a	diffuse	vascular	bed.
We	 assume	 that	 in	 our	 case	 the	 most	 important	 factor	 that	 leads	 to	 the	 PWVPPG	
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Fig. 5.	Comparison	of	P	(PS	in	A,	PM	in	B)	and	PWV	regression	slopes	when	PWV	was	measured	










































mechanisms	 involved	 can	 be	 very	 distinctive.	 For	 example,	 after-exercise	 hyperaemia	
itself	may	 increase	 a	 linear	velocity	of	 the	blood	flow	which	consequently	may	change	









During	 the	 final,	 third	 phase	 (phase	 III)	 the	 values	 of	 those	 three	 parameters	 do	 not	
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Treatment of skin ulcers with adenylate deaminase, 
a glycoprotein from microscopic fungus 
Penicillium lanoso-viride
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The	 effect	 of	 topical	 application	 of	 adenylate	 deaminase	 (AMPD),	 an	 immunomodulatory	




AMPD	3.0	U	mL-1	 and	 partial	 (60	%)	 epithelialisation	 in	 the	 group	 treated	with	AMPD,	 0.3	U	
mL-1.	No	animal	showed	entired	epithelialisation	of	skin	ulcer	treated	with	Carbopol	and	untreated	
control	groups.	The	morphological	results	were	supported	by	histological	findings.	Standard	blood	
chemistry	 and	 complete	 blood	 counts	 parameters	 were	 within	 the	 normal	 range	 and	 without	








types	 of	 cells,	 including	 inflammatory	 cells	 and	 native	 skin	 cells	 such	 as	 fibroblasts,	




Goldman	 2004).	 It	 is	 known	 that	 various	 growth	 factors,	 cytokines,	 and	 chemokines	
function	 in	 the	 wound-healing	 process	 (Werner,	 Grose	 2003).	 Platelets,	 neutrophils,	
macrophages,	 endothelium,	 fibroblasts	 and	 epithelium	 express	 and	 release	 epidermal	





Numerous	 experiments	 have	 been	 carried	 out	 to	 investigate	 the	 pharmacological	
potential	 of	 different	 growth	 factors	 and	 other	 mediators.	 Unfortunately,	 the	 overall	
experience	 with	 application	 of	 these	 agents	 to	 accelerate	 wound	 healing	 has	 been	
discouraging.	 This	 is	 not	 surprising,	 considering	 that	 wound	 repair	 is	 the	 result	
of	 a	 complex	 set	 of	 interactions	 among	 soluble	 cytokines,	 formed	 blood	 elements,	
extracellular	matrix,	 and	 cells	 (Pierce,	Mustoe	 1995;	 Singer,	Clark	 1999;	Bello,	Phillips	
2000).	Nevertheless,	intensive	research	in	wound	healing	is	continuing.	Current	research	
is	leading	to	new	therapies	that	can	be	divided	into	the	following	classes:	growth	factors,	
skin	 substitutes,	 extracellular	matrix	proteins,	 stem	cell	 therapy,	gene	 therapy,	protease	
inhibitors,	 angiogenesis	 stimulants,	 nitric	 oxide-releasing	 agents,	 adenosine	 agonists,	
immunostimulants,	 vasoactive	 compounds	 and	 granulating	 agents	 (Petrova,	 Edmonds	
2006).
Non-specific	 adenylate	 deaminase	 (AMP	 aminohydrolase,	 EC	 3.5.4.6;	 AMPD)	 is	





producing	 cells	 in	 spleen,	 facilitate	 lymphocyte	 proliferation	 in vitro,	 activate	 mice	
peritoneal	macrophages	(Nikolajeva	et	al.	1999),	stimulate	natural	killer	cell	and	tumour	
adhesion,	 restrict	growth	of	 several	 tumours	 (Zak	et	al.	1986),	enhance	host	 resistance	
to	 infectious	 agents	 (Nikolajeva	 et	 al.	 1996),	 and	 inhibit	 experimental	 autoimmune	
encephalomyelitis	 (Nikolajeva	 et	 al.	 2000).	 On	 the	 basis	 of	 previous	 investigations	 on	
the	influence	of	AMPD	on	the	systemic	immune	response,	we	hypothesized	that	AMPD	
could	contribute	also	the	local	immune	processes	in	the	skin.
The	 present	 investigations	 were	 designed	 to	 evaluate	 the	 influence	 of	 topically	
administered	 AMPD	 produced	 by	 microscopic	 fungus	 Penicillium lanoso-viride	 on	
healing	of	skin	ulcer	in	rats.
Materials and methods
Animals and animal care

















































Blood	 tests	were	 taken	 from	sublingual	vein	 in	 three	 to	 four	animals	 from	each	group	
on	 the	14th	and	21st	day.	The	 following	biochemical	and	blood	counts	parameters	were	
estimated	 –	 white	 blood	 cell	 count,	 red	 blood	 cell	 count,	 haemoglobin,	 hematocrit,	
platelet	count,	 leukocyte	subpopulation	differential,	alanine	aminotransferase,	aspartate	
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All	 values	 were	 expressed	 as	 the	 means	 ±	 standard	 deviations	 (S.D.).	The	 differences	

















The	 estimated	 epithelialisation	 time	 corresponded	 to	 the	 closure	 rate.	 There	 was	


















Fig. 2.	 Percentage	 of	 number	 of	 epithelialised	 ulcers	 at	 the	 end	 of	 experiment	 on	 the	 21st	 day	
following	wounding.	Experimental	skin	ulcers	of	rats	were	treated	with	AMPD	0.3	U	mL-1,	AMPD	
3.0	 U	 mL-1,	 Carbopol	 without	 AMPD,	 or	 left	 untreated	 (Control).	 Gels	 were	 topically	 applied	


















Effects of adenylate deaminase on the parameters of blood tests and general health
To	establish	that	no	bias	mediated	via	infection	or	inflammation	occurred,	standard	blood	
chemistries	 and	 complete	 blood	 counts	were	 carried	out.	All	 blood	 counts	parameters	
measured	(white	blood	cell	count,	red	blood	cell	count,	haemoglobin,	hematocrit,	platelet	
count,	 leukocyte	 subpopulation	 differential)	 were	 within	 the	 normal	 range	 (data	 not	
shown).	Similarly,	all	blood	chemistry	parameters	measured	(alanine	aminotransferase,	
aspartate	 aminotransferase,	 albumin,	 alkaline	 phosphatase,	 cholesterol,	 total	 protein)	




injury	period.	The	 increase	of	 rat	weight	during	 the	experiment	showed	a	general	well	
being	 of	 experimental	 animals,	 similar	 (p	 >	 0.05)	 among	 treatment	 groups	 (data	 not	
shown).
Pathomorphological and histological findings
Ulcer	healing	differed	in	intensity	and	stages	of	re-epithelialisation,	as	well	as	development	
of	granulation	and	connective	tissue	in	the	examined	histological	specimens.






confirmed	planimetric	measurement	of	 the	ulcer	 area.	The	dermis	was	 covered	with	 a	
fibrin	clot	what	was	 infiltrated	by	 inflammatory	cells	and	fibroblasts.	Connective	tissue	
formation	was	evaluated	as	medium	score	in	the	AMPD	0.3	U	mL-1	and	Carbopol	group,	
and	with	a	strong	score	 in	 the	AMPD	3.0	U	mL-1	group.	There	was	a	 strong	similarity	
between	animals	regarding	features	of	the	scars.
The	amount	of	leukocytes	and	cellular	debris	in	the	region	of	ulcer	decreased	during	












of	 regression	 of	 regeneration	 (Rreg).	 Experimental	 skin	 ulcers	 of	 rats	 were	 treated	 with	 AMPD	
0.3	U	mL-1,	AMPD	3.0	U	mL-1,	Carbopol	without	AMPD,	or	 left	untreated	(Control).	Gels	were	
topically	applied	to	the	ulcers	once	a	day	beginning	with	the	4th	day	following	the	initial	wounding	













eosin	 for	 the	 evaluation	of	 leukocyte	 infiltration,	 cellular	debris	 and	 scar	 formation,	 and	by	 van	
Gieson’s	connective	tissue	staining.	The	features	were	expressed	by	scoring:	–	absent;	+	weak;	++	
medium;	+++	strong.	N	–	not	determined
Parameter  Treatment 
 Control Carbopol AMPD AMPD
   (0.3 U mL-1) (3.0 U mL-1)
14th day	 	 	 	
Number	of	animals	 0	 4	 4	 3
Epithelialisation	 N	 +	 +++	 ++
Cellular	debris	 N	 +++	 ++	 +
Connective	tissue	 N	 ++	 ++	 +++
Leukocytes	 N	 +++	 +++	 ++
Scar	 N	 +++	 +++	 +++
21st day	 	 	 	
Number	of	animals	 3	 3	 3	 3
Epithelialisation	 ++	 ++	 +++	 +++
Cellular	debris	 +++	 ++	 ++	 –
Connective	tissue	 +++	 +++	 +++	 +++
Leukocytes	 +++	 ++	 –	 +
Scar	 +++	 +++	 ++	 +
Discussion
The	two	main	objectives	of	pharmacology	of	wound	healing	are	to	determine	the	influence	





there	 is	 likely	 little	 room	 for	 significant	 improvement,	 ulcer	 closure	 was	 significantly	
promoted	in	both	AMPD	hydrogel-treated	groups	(Fig.	1,	2).	The	morphological	results	
were	supported	by	histological	findings	(Table	1).
Acute	 wounds	 normally	 heal	 in	 a	 very	 orderly	 and	 efficient	 manner	 by	 a	 highly	
controlled	repair	process	requiring	numerous	cell-signalling	events	(Diegelmann,	Evans	
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groups	compared	to	 the	AMPD	groups,	both	on	the	14th	and	on	the	21st	day	 following	
wounding.	Despite	 the	 absence	 of	 direct	 antibacterial	 activity	 (Nikolajeva	 et	 al.	 1996),	
local	application	of	AMPD	to	the	ulcers	shortened	the	time	of	neutrophil	infiltration.	It	




of	 the	 injury	 response	may	 play	 a	 positive	 role	 not	 only	 with	 respect	 to	 the	 phase	 of	
inflammation,	but	also	to	the	regeneration.	Many	of	the	growth	factors	present	at	a	wound	





effect	 on	 their	 activity	 (Nikolajeva	 et	 al.	 1999).	 Also	 for	 example,	 chitosan,	 another	




interaction	 with	 lymphocytes,	 macrophages	 play	 an	 important	 role	 in	 the	 initiation	
and	regulation	of	 immune	response.	Activated	macrophages	release	various	substances	
such	 as	 cytokines	 and	 reactive	 intermediates	 and	 then	 carry	 out	 nonspecific	 immune	
responses	(Son	et	al.	2001).	In	contrast,	some	studies	suggest	that	"macrophageless"	mice	
are	able	to	repair	skin	wounds	with	a	similar	time	course	as	wild-type	siblings,	and	that	
repair	appears	 scar-free	as	 in	 the	embryo,	which	also	heals	wounds	without	 raising	an	
inflammatory	response	(Martin	et	al.	2003).	The	scientific	underpinnings	for	healing	are	











of	 adenosine	 and	 their	 derivatives.	 Adenosine	 is	 a	 well-known	 important	 signaling	
molecule	that	is	released,	for	example,	under	inflammatory	conditions.	It	can	show	anti-
inflammatory	as	well	as	pro-inflammatory	activities,	and	the	contribution	of	the	specific	
adenosine	 receptor	 subtypes	 in	 various	 cells,	 tissues	 and	organs	 is	 complex	 (Akkari	 et	
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Onset of breeding in Tawny Owl Strix aluco 
in eastern Latvia 



















had	no	effect	neither	 in	previous	autumn,	nor	 in	 summer	of	 the	breeding	 season.	The	only	 two	









manner	 (Lack	 1954).	 However,	 density	 independent	 factors	 (e.g.	 weather)	 may	 have	
significant	 influence	 on	 density	 dependent	 populations	 (Newton	 1998).	The	 evidence	
for	global	warming	now	appears	overwhelming	 (see	 review	by	Watkinson	et	 al.	 2004).	
Climatic	 factors	 are	 usually	 the	 limiting	 factors	 for	 species	 distribution,	 and	 thus	 it	 is	
predicted	that	climatic	changes	will	most	probably	cause	a	shift	in	species	distribution.	
Climate	 change	has	 been	 attributed	 to	 cause	 changes	 in	 the	 geographic	 ranges	 of	 bird	
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populations	 in	 Europe	 already	 since	 the	 beginning	 of	 the	 20th	 century	 (Kalela	 1949).	






Tawny	Owl	 is	 resident	 generalist	 predator,	 distributed	 throughout	most	 of	 Europe	
(Hagemeijer,	Blair	1997).	It	is	a	typical	species	of	deciduous	temperate	forests	of	Europe	
(Mikkola	1983).	
This	 species	 has	 expanded	 its	 range	 to	 the	North	 relatively	 recently	 –	 e.g.	 the	 first	
observation	of	Tawny	Owl	 in	Finland	was	 in	1875,	when	one	 individual	was	shot	near	
Helsinki	(Collin	1886).	The	species	has	also	gradually	increased	in	numbers	from	rare	to	
common	species	in	Estonia	until	1960	(Kumari	1958).	In	Latvia,	currently	it	is	the	most	












stage,	measured	 by	 the	water	 test	method	 (Blūms	 1990).	The	 time	 period	 for	 a	 laying	
an	egg	 is	48	hours	and	 the	 incubation	 time	 for	Tawny	Owl	 is	30	days	 (Mikkola	1983).	
Incubation	 is	 started	 after	 the	first	 (or	 sometimes	 second)	 egg	has	 been	 laid	 (Mikkola	






















Breeding in Tawny Owl in eastern Latvia 83
A
B










The	 annual	 variation	 in	 laying	 dates	 was	 not	 driven	 by	 the	 abundance	 of	 small	
mammals	in	the	field	in	the	previous	October	(r2	=	0.007;	p	=	0.76),	nor	in	June	of	the	
current	breeding	season	(r2	=	0.05;	p	=	0.36).
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Discussion
Onset	of	 breeding	of	Tawny	Owl	 in	Eastern	Latvia	between	years	 varies	widely	 (Table	
1).	There	is	no	trend	to	become	earlier	or	later	as	described	for	other	species	e.g.	onset	
of	breeding	in	Pied	Flycatcher	is	coming	later	in	Finland	(Laaksonen	et	al.	2006)	and	in	
Great	Tit	earlier	 in	Germany	(Winkel,	Hudde	1997).	 It	 is	probable	 that	our	data	series	







on	avian	species	 (Winkler	et	al.	2002)	and	ecosystems	 in	general	 (McCarty	2001).	The	
most	serious	concern	raised	is	asynchrony	between	bird	breeding	time	and	the	availability	
of	 food	 resources	 (Visser	 et	 al.	 1998;	Both,	Visser	2001),	particularly	 for	 long-distance	




increases	 during	 the	 season.	 Early	 breeding	 in	 owls	 might	 provide	 other	 advantages	
unrelated	 to	 food	 (e.g.	 young	 have	 to	 acquire	 hunting	 skills	 before	 winter).	 However,	
Table 1.	Laying	dates	of	the	first	egg	by	Tawny	Owl	Strix aluco	in	eastern	Latvia	in	1991	-	2008
Year Median laying date Range Nests studied (number)
1991	 23	March	 14	March	-	2	April	 11
1992	 23	March	 16	March	-	30	April	 12
1993	 24	March	 3	March	-	8	April	 24
1994	 27	March	 17	March	-	6	April	 15
1995	 19	March	 6	March	-	31	March	 22
1996	 14	March	 4	April	-	26	April	 23
1997	 14	March	 2	March	-	27	March	 17
1998	 9	April	 28	March	-	30	April	 12
1999	 28	March	 4	March	-	2	April	 20
2000	 21	March	 6	March	-	2	April	 15
2001	 29	March	 11	March	-	30	April	 18
2002	 13	March	 20	February	-	24	March	 29
2003	 27	March	 19	March	-	4	April	 19
2004	 1	April	 19	March	-	4	April	 25
2005	 9	April	 31	March	-	27	April	 19
2006	 6	April	 1	April	-	15	April	 15
2007	 22	March	 10	March	-	30	March	 22
2008	 20	March	 8	March	-	3	April	 26
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food	has	been	documented	as	an	important	factor	for	other	parameters	of	owl	breeding	
(Brommer	et	al.	2004).





















These	climatic	 factors	might	have	an	 indirect	effect	on	 food	availability,	as	 snow	 limits	
access	to	rodent	prey	and	thus	may	delay	onset	of	breeding.	Global	warming	thus	might	
have	 driven	 the	 gradual	 increase	 from	 rare	 to	 common	 species	 status	 in	 Estonia	 until	
1960	(Kumari	1958;	Leibak	et	al.	1994).	The	further	colonisation	forecast	for	the	late	21st	
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Method for identification of avian species by 
eggshell microstructure: preliminary study











(e.g.	 remains	at	nests).	The	aim	of	 this	preliminary	 study	was	 to	determine	whether	microscopy	
methods	can	be	used	for	avian	species	identification	by	eggshells.	Stereo	microscope,	transmission	
and	reflection	light	microscope	and	scanning	electron	microscope	were	used	to	describe	eggshell	
microstructure,	 empasizing	differences	 among	 species.	Differences	 in	 eggshell	 structure	of	 some	
Passerine	 bird	 species	 were	 obrerved	 in	 the	 eggshell	 mammillary	 layer	 by	 transmission	 light	




Some	 research	 has	 been	 conducted	 on	 eggshell	microstructure	 in	 to	 obtain	 a	method	
for	simple	identification	of	differences	among	avian	species,	when	only	a	small	piece	of	
eggshell	is	available.	This	would	allow	to	identify	species	of	eggs	in	museum	collections,	
since	 it	 does	 not	 require	 destruction	 of	 the	 egg,	 and	 also	 to	 identify	 small	 remains	 of	
eggshells	in	nests	(especially	cavities),	when	species	identification	by	other	methods	is	not	
possible.
Microstructure	of	 the	 eggshell	 has	 been	 studied	with	 a	 focus	on	poultry	 and	 these	
studies	 are	 important	 for	 commercial	 purposes	 in	 order	 to	 improve	 eggshell	 strength	
(Dawkins	et	al.	2004;	Peebles,	McDaniel	2004).	Most	of	 the	knowledge	about	eggs	and	
eggshells	 originate	 from	 the	 studies	 of	 domesticated	 birds,	 but	 research	 on	 wild	 bird	
eggs	were	started	only	recently	(Gosler	et	al.	2004;	Massaro,	Davis	2005).	However,	A.L.	
Romanoff	and	A.J.	Romanoff	(1949)	described	differences	in	eggshell	microstructure	of	
various	 species	groups.	Microstructure	as	well	 as	pore	differences	of	 eggshells	of	 ratite	
birds	were	found	not	to	be	related	to	the	certain	species	(Board	1982;	Board,	Sparks	1991).	
Traditional	 identification	methods	of	birds	 and	 their	 eggs	 are	based	on	morphological	
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Eggshells	 of	 closely	 unrelated	 avian	 species	 for	 comparison	 of	 eggshell	 microscopy	
structures	 included:	 goose	 Anser	 sp.	 (Anseriformes;	 n	 =	 1),	 dubbling	 duck	 Anas	 sp.	
(Anseriformes;	 n	 =	 1),	 Great	 Tit	Parus major	 (Passeriformes;	 n	 =	 2),	 House	 Sparrow	
Passer domesticus	(Passeriformes;	n	=	2),	Chiffchaff	Phylloscopus collybita	(Passeriformes;	
n	 =	 1),	 Starling	 Sturnus vulgaris	 (Passeriformes;	 n	 =	 2)	 and	 Skylark	Alauda arvensis 
Fig. 1.	 Structure	 and	 elements	 of	 the	 avian	 eggshell	 in	 radial	 view	 (Mikhailov	 1997;	 Peebles,	
McDaniel	2004;	Lammie	et	al.	2005).
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(Passeriformes;	n	=	1).	All	samples	were	kindly	provided	by	the	Museum	of	Zoology	of	
the	University	of	Latvia.	
Eggshells	 for	 analysis	 of	 eggshell	 inner	 structure	 were	 taken	 from	 some	 Passerine	
bird	(Passeriformes)	species:	Sedge	Warbler	Acrocephalus schoenobaenus	(n	=	5),	Aquatic	
Warbler	Acrocephalus paludicola	(n	=	3),	Chiffchaff	Phylloscopus collybita	(n	=	3),	House	





Sample preparation and microscopy



























The	 inner	 surface	 of	 the	 eggshell	 was	 examined.	 For	 further	 analyses	 images	 of	
specimens	were	taken	with	a	digital	camera	Canon Powershot S70	(resolution	7.1	Mpix).	











Comparison of microscopy analysis of eggshell structures





Reflecting and transmission light microscope.	 First,	 a	 ground	 eggshell	 fragment	 in	 a	
drop	of	water	was	examined.	With	reflecting	light	it	was	impossible	to	identify	structures	
that	could	indicate	inter-specific	differences.	However,	observations	were	obstructed	by	
glare	 from	 the	 cover-slip	 produced	 from	 the	 reflecting	 light.	Under	 transmission	 light	
it	was	possible	to	identify	potential	variable	structures	in	the	ground	eggshell	substance	
(e.g.	 crystallised	 formations),	 but	 identification	 was	 impossible.	The	 advantage	 of	 this	
method	was	 the	very	 small	 amount	of	 eggshell	 required	 for	 the	 specimen.	However,	 it	
was	 impossible	 to	grind	eggshells	uniformly;	hence	the	consistency	of	 the	eggshell	was	
indicated	rather	than	species-specific	features.	This	method	needs	more	exploration,	since	
samples	can	be	obtained	with	minimal	damage	to	eggs.
Secondly,	 complete	 (non	 ground)	 eggshell	 fragments	 were	 examined.	 Differences	
between	 inner	 and	outer	 surfaces	of	 the	 eggshell	were	 clearly	distinguished.	The	outer	
surface	 of	 the	 eggshell	 was	 considerably	 glossier	 than	 the	 inner	 surface.	This	 can	 be	
explained	by	the	outer	part	of	the	eggshell,	palisade	layer	and	cuticle	that	makes	the	surface	
smooth.	The	inner	surface	of	the	eggshell	consists	of	eggshell	membranes	and	the	conic	
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used	 to	measure	 thickness	 of	 the	 eggshell	 (Romanoff,	 Romanoff	 1949;	 Ar	 et	 al.	 1979;	
Solomon	1997;	Pantheleux	1999;	Lammie	et	al.	2005;	Mikhailov	2004;	Peebles,	McDaniel	
2004),	detect	changes	of	structure	in	different	stages	of	incubation	(Simons	1971;	Hunton	





Analysis of eggshell inner structure
Mean	 mammillae	 size	 (minimum,	 maximum	 and	 mean	 values;	 Table	 1)	 differed	
significantly	 (Scheffe	and	LSD,	p	<	0.04)	between	all	 six	 studied	 species	 (Fig.	 3	A	 -	C;	
Table	2)	 except	between	minimum	size	 for	Chiffchaff	and	Linnet	by	Scheffe	 (Fig.	 3	A;	
Table	2).	The	means	differed	significantly	by	the	LSD	test	between	species	of	genus	Passer	
–	Tree	 Sparrow	 and	House	 Sparrow,	 and	 between	 these	 and	 the	 other	 studied	 species	
(LSD,	p	<	0.01;	Fig.	3	D;	Table	2).	Using	the	Scheffe	test	the	significant	differences	between	
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Fig. 3.	 Size	 of	 eggshell	mammillae	 (μm)	of	 the	 specimens	 (bars	 indicate	 confidence	 intervals	 of	
95	%).	A,	maximal	size	of	mammillae;	B,	minimal	size	of	mammillae;	C,	mean	size	of	mammillae;	
D,	difference	 in	size	of	mammillae.	Species:	1,	Tree	Sparrow	Passer montanus;	2,	House	Sparrow	
Passer domesticus;	 3,	 Aquatic	 Warbler	 Acrocephalus paludicola;	 4,	 Sedge	 Warbler	 Acrocephalus 
schoenobaenus;	5,	Linnet	Acanthis cannabina;	6,	Chiffchaff	Phylloscopus collybita.






Species Minimal Maximal  Mean Difference n
 size size value in size  
   of sizes 
Sedge	Warbler	Acrocephalus schoenobaenus	 24.23	 28.12	 26.18	 3.89	 5
Aquatic	Warbler	Acrocephalus paludicola	 26.52	 30.27	 28.39	 3.74	 3
Chiffchaff	Phylloscopus collybita	 17.61	 20.62	 19.11	 3.01	 3	
House	Sparrow	Passer domesticus	 31.68	 36.74	 34.21	 5.05	 5
Tree	Sparrow	Passer montanus	 38.93	 44.88	 41.91	 5.95	 3
Linnet	Acanthis cannabina	 18.87	 22.88	 20.88	 4.01	 4

































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 4.	 Size	 of	 eggshell	mammillae	 (μm)	of	 the	 specimens	 (bars	 indicate	 confidence	 intervals	 of	
95	%).	A,	maximal	size	of	mammillae;	B,	minimal	size	of	mammillae;	C,	mean	size	of	mammillae;	
D,	difference	value	of	 size	of	mammillae.	 Species:	 1	 to	3,	Tree	Sparrow	Passer montanus;	 4	 to	8,	
House	Sparrow	Passer domesticus;	9	to	11,	Aquatic	Warbler	Acrocephalus paludicola;	12	to	16,	Sedge	
Warbler	Acrocephalus schoenobaenus;	 17	 to	 20,	 Linnet	Acanthis cannabina;	 21	 to	 23,	 Chiffchaff	
Phylloscopus collybita.














species	 indicated	 that	 size	 of	 eggshell	 mammillae	 is	 not	 species	 specific.	There	might	











In	 the	 future	 it	 is	 important	 not	 only	 to	 analyze	 eggshell	 structure	 for	 species	
identification,	 but	 also	 eggshell	 structure	 in	 various	 environments,	 to	 exclude	 the	
possibility	of	ecological	factors	affecting	phenological	features.
For	further	studies	it	is	important	to	explore	not	only	species	identification	problems,	
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The shape and dimensions of photoplethysmographic 
pulse waves: a measurement repeatability study 
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this	method	 such	 as	 individual	 variability	 and	 repeatability	 of	 the	 PPG	waveform.	 In	 our	 study	
we	recorded	two	PPG	signals	(from	the	radial	artery	and	from	the	finger)	several	times	in	resting	
conditions	 to	 evaluate	 the	 individual	 repeatability	 of	 PPG	wave	 shape.	 Arbitrary	 amplitudes	 of	
incisura	and	maximum	of	dicrotic	notch	and	time	from	foot	to	anacrotic	maximum	had	the	greatest	







The	 application	 of	 photoplethysmography	 has	 continued	 to	 expand	 and	 has	 become	
widely	used	for	clinical	research	involving	cardiovascular	parameters	(Allen	2007).	The	
main	advantages	are	it's	non-invasiveness	and	reduced	morbidity	for	subjects.	
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et	 al.	 2006).	 The	 detected	 optical	 radiation	 waveform	 comprises	 a	 pulsatile	 (“AC”)	








arteries	 to	 the	 peripheral	 vasculature.	 In	 the	 periphery,	 the	more	 resistant	 vessels	will	
induce	reflection	of	the	wave,	and	finally	the	summation	of	the	propagating	and	reflected	
waves	will	produce	the	PPG	signal.	
Detailed	 investigations	 in	 arterial	 pressure	 wave	 shape	 started	 in	 the	 early	 1940s	
(Hamilton	1944).	Similar	shapes	for	the	PPG	and	arterial	pressure	waves	has	been	noted,	
thus	 it	 is	 reasonable	 to	 rely	and	use	 the	previous	arterial	pressure	pulse	 shape	method	
for	PPG	wave	shape	analysis.	Every	individual	has	a	unique	characteristic	shape	for	their	














All	 measurements	 were	 recorded	 in	 a	 controlled	 and	 quiet	 environment	 at	 room	
temperature	(17	±	1	°C)	after	a	15	min	resting	period,	during	which	personal	information	
(name,	age,	gender)	was	obtained	and	the	study	protocol	was	explained	to	subjects.	Then	
subjects	were	 seated	 and	 systolic	 (SBP)	 and	 diastolic	 (DBP)	 arterial	 blood	 pressure	 as	
well	as	heart	rate	(HR)	were	measured	immediately	by	pressure	sensor	application	to	the	
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subject	in	a	systematic	order	thus	ensuring	possibility	of	occurrence	of	signal	interactions.	
Measurements	were	performed	continuously	–	beat	per-beat	during	a	period	of	2	min	






















Fig.	 1	 shows	 the	 PRG	 parameters	 determined	 in	 this	 study:	maximum	 of	 the	 first	
derivative	in	anacrotic	phase	of	the	PPG	waveform	(IA),	arbitrary	amplitudes	of	anacrotic	
maximum	(hs),	incisura	minimum	(hi)	and	maximum	of	dicrotic	notch	(hd),	time	intervals	




minimum;	hd	–	maximum	of	dicrotic	notch;	 ts	 –	 time	 interval	 from	 foot	 to	 ancrotic	maximum;	
ti	–	time	interval	from	foot	to	incisura;	td	–	time	interval	from	foot	to	maximum	of	dicrotic	notch.
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Analysis
Offline	 analyses	were	 performed	 for	 all	 channels	 (PPG,	 FBF	 and	BP	 signals)	 and	data	
processed	by	custom-made	software	developed	 for	Matlab.	PPG	and	pressure	channels	
were	filtered	and	a	continuous	FBF	curve	was	interpolated	from	intermittent	recordings	
by	 cubic	 spline	 function.	Normalization	within	pulse	wave	was	performed	 to	 compare	
PPG	 signals	 in	 different	 registrations.	The	 synchronized	 traces	 were	 initially	 handled	
manually	to	select	the	unaltered	(cut	off	movement	artifacts)	traces	only,	which	were	then	








In	 our	 experiment	 regional	 circulation	was	 only	 represented	 by	 the	 forearm	blood	
flow,	which	showed	slight	variability;	nine	subjects	of	13	showed	no	statistically	significant	
differences	between	forearm	blood	flow	in	different	repetitions.
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information	concerning	the	mechanical	properties	of	arterial	walls,	and	thus	will	enable	
us	to	diagnose	peripheral	arterial	occlusive	diseases.	Photoplethysmography	also	makes	













ventricular	volume	and	filling	 time,	which	has	an	 important	 application	 in	 the	 case	of	
heart	arrythmia	(Zheng	et	al.	2008).
The	 arterial	 pulse	 shape	 has	 been	 extensively	 studied	 by	 recording	 arterial	 wall	























sigma	 (the	 square	 root	of	 the	within-subject	mean	 square	 variance)	of	 individual	PPT	
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corresponds	 to	 the	 respiratory	 rate	 (Nitzan	 et	 al.	 1998;	 Avnon	 et	 al.	 2004).	Therefore	
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Alteration of serum adhesion molecules and 
cutaneous endothelium-dependent vasodilatation 
in insulin resistant obese patients 
Inga Bormane1, Peteris Tretjakovs1,2,3*, Antra Jurka1,4, 
Indra Mikelsone1, Dace Reihmane1, Liga Balode1, 
Karlina Elksne1, Juris Imants Aivars2, Inga Stukena3, 






















Doppler	 imaging	 with	 iontophoretic	 application	 of	 1%	 acethylcholine	 (LDI-Ach)	 solution	 was	
used	 for	 the	 evaluation	of	 cutaneous	 endothelium-dependent	vasodilatation	 in	 the	hand.	Serum	
levels	of	sVCAM-1,	sICAM-1,	and	sE-selectin	were	significantly	higher	in	the	group	of	DC	patients	






adhesion	molecules	 (sICAM-1,	 sVCAM-1,	 and	 sE-selectin),	 simultaneously	with	both	higher	 IR	
and	lower	endothelium-dependent	vasodilatation	than	those	with	MetS	alone,	and	the	presence	of	
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CAD	in	these	patients	is	associated	with	greater	changes	in	the	endothelial	dysfunction	markers.	IR	
was	observed	to	be	a	closely	related	to	endothelial	dysfunction.
Key words:	 adhesion	 molecule,	 endothelium-dependent	 vasodilatation,	 insulin	 resistance,	
metabolic	syndrome.
Introduction
Adhesion	 molecules	 are	 vascular	 inflammatory	 markers	 for	 endothelial	 dysfunction	
(Ponthieux	et	al.	2004).	They	mediate	the	binding	of	circulating	leukocytes	to	endothelial	
cells	 and	 their	 subsequent	migration	 into	 the	blood	vessel	wall,	which	 is	 an	 important	
step	in	the	initiation	of	atherosclerotic	lesions.	Focal	expression	of	vascular	cell	adhesion	
molecule-1	 (VCAM-1)	 and	 intercellular	 cell	 adhesion	molecule-1	 (ICAM-1)	 has	 been	























2002).	Concentrations	 of	 soluble	 adhesion	molecules	 have	 been	 consistently	 shown	 to	
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The	purpose	of	 the	 study	was	 to	 evaluate	 the	 relationships	 between	 IR,	 sVCAM-1,	








MetS	 was	 diagnosed	 according	 to	 the	 International	 Diabetes	 Foundation	 criteria	




with	 antidiabetic	 drugs.	Duration	of	T2DM	was	 8	±	 5	 years	 and	 glycated	hemoglobin	








condition	 or	 chronic	 inflammatory	 states	 such	 as	 rheumatoid	 arthritis,	 systemic	 lupus	
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Blood flow measurements
Measurement	 of	 cutaneous	 endothelium-dependent	 vasodilatation	 was	 performed	 by	




After	 testing	 the	normality	of	data	distribution,	 statistical	differences	between	 the	 four	
groups	were	assessed	by	one-way	ANOVA	using	Fisher’s	multiple	comparison	test.	Data	
were	recorded	as	the	means	±	SD	and	two-tailed	values	of	p	<	0.05	were	considered	to	


















Fig. 3.	 Soluble	 vascular	 cell	 adhesion	 molecule-1	 (sVCAM-1)	 and	 intercellular	 cell	 adhesion	
molecule-1	 (sICAM-1)	 in	 healthy	 subjects	 (C),	 obese	 metabolic	 syndrome	 patients	 (M),	 MetS	
patients	with	 type	2	diabetes	mellitus	 (D),	 and	MetS	patients	with	diabetes	 and	 coronary	 artery	
disease	(DC).	Data	are	expressed	as	mean	±SD.	*,	p	<	0.01	vs.	healthy	subjects.	
112 I. Bormane, P. Tretjakovs, A. Jurka, I. Mikelsone, D. Reihmane et al.











The	results	 of	 this	 study	 indicate	 that	 obese	MetS	patients	with	T2DM,	 independently	
of	CAD,	have	higher	serum	levels	of	 sICAM-1,	 sVCAM-1,	and	sE-selectin	 than	 	 those	
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Fig. 5.	 Correlation	 between	 insulin	 resistance	 (HOMA-IR)	 and	 acethylcholine-induced	
endothelium-dependent	vasodilatation	(LDI-Ach)	in	the	total	study	clinical	material.
results	 also	 show	 that	 the	presence	of	CAD	 in	MetS	patients	with	T2DM	is	 associated	
with	 significant	 elevation	 of	 sICAM-1	 concentrations	 and	HOMA-IR	 values	 and	with	
impairment	of	endothelium-dependent	vasodilatation.	Our	findings	suggest	that	in	obese	
patients	MetS	 can	 be	 characterized	 by	 elevated	HOMA-IR.	The	 study	 have	 confirmed	
correlations	 between	 HOMA-IR	 and	 serum	 levels	 of	 sICAM-1,	 and	 sVCAM-1,	 and	
additionaly	demonstrated	correlation	between	HOMA-IR,	sE-selectin,	and	LDI-Ach	and	
also	between	sVCAM-1,	sE-selectin,	and	LDI-Ach	(Fig.	5	and	Table	1).
In	 recent	 years,	 much	 attention	 has	 been	 paid	 to	 the	 potential	 value	 of	 soluble	
adhesion	 molecules	 as	 biomarkers	 for	 CAD	 risk	 (Blankenberg	 et	 al.	 2001).	 Cellular	
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2005).
Cellular	adhesion	molecules	may	play	an	 important	 role	 in	 the	development	of	 the	
MetS	 and	 T2DM,	 as	 well	 as	 in	 their	 cardiovascular	 complications.	 All	 three	 cellular	
adhesion	molecules,	 sVCAM-1,	 sICAM-1	and	 sE-selectin,	have	been	 investigated	with	
the	aim	to	improve	our	knowledge	on	endothelial	function.	The	endothelium	is	thought	
to	be	the	major	source	of	the	soluble	forms	of	these	molecules.	Strong	evidence	exists	that	





adhesion	molecules	 (sICAM-1,	 sVCAM-1,	 and	 sE-selectin),	 simultaneously	 with	 both	
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Genetic diversity in milk proteins among goats 
bred in Lithuania 
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–	shorter	coagulation	time	with	aided	by	rennet	performance,	better	consistence	for	curd	
formation	and	higher	cheese	output	(Schaar	1985;	Marziali	et	al.	1986).	
The	main	 focus	 of	 goat	milk	 analysis	 was	 onthe	AlfaS1-casein.	 „Strong“	 (A,	 B,	 C)	
















Samples	 for	 identification	 of	 milk	 protein	 genetic	 polymorphism	 were	 taken	 from	
unrelated	individuals	from	Lithuanian	Native	(30),	Zaanen	(74),	Czech	White	(29)	and	
German	White	(18)	goat	breeds.	DNA	was	extracted	from	hair	roots.	
AlfaS1-casein	 gene	 polymorphism	 was	 investigated	 by	 A-PCR	 method	 (Feligini	
et	 al.	 2005).	 Primer	 sequences	 were	 following:	 forward	 BE	 5’-CAA-CCT-CAA-ATT-
GAA-GGC-ACT-3’;	 forward	E	 5’-CAA–CCT-CAA-ATT-GAA-GGC-ACT-3’;	 reverse	R	
5’-CAA-GCT-CTT-AGG-ACA-ATT-TCA-CTT-3’.	




Kapa-casein	 gene	 polymorphisms	 were	 identified	 by	 PCR-RFLP	 (Yahyaoui	 et	 al.	
2001).	Primer	sequences	used	were:	forward	5’-TGT-GCT-GAG-TAG-GTA-TCC-TAG-





and	 reverse	 5‘GGCCTTTCATGGTCTGGGTGACG-3‘.	The	 digestion	 of	 PCR	 product	
was	performed	using	endonuclease	SmaI	(MBI	Fermentas,	Lithuania).
The	 PCR	 reactions	 were	 carried	 out	 using	 the	 GeneAmp	 PCR	 System	 2700	
(AppliedBiosystem).	The	 reaction	 products	 were	 analyzed	 by	 electrophoresis	 on	 3	 %	
agarose	gel.	EtBr	was	added	to	gels	to	visualize	the	analysis	results	under	UV	light	in	the	
Heliorab	system.	
Goat	 AlfaS1-casein,	 AlfaS2-casein,	 Kapa-casein	 and	 Beta-lactoglobulin	 allele,	
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genotype,	haplotype	frequencies	in	each	breed	and	in	all	investigated	group,	expected	and	
observed	 heterozygosities	 per	 locus	 and	 population,	 deviations	 from	Hardy-Weinberg	
equilibrium	were	calculated	using	the	R	statistical	package	(http://www.r-project.org/).
Results and discussion
B	 and	 E	 alleles	 were	 identified	 in	 Lithuanian	 goat	 breed	 milk	 protein	 AlfaS1-casein.	







also	 important;	 they	 are	 not	 useful	 for	milk	manufacture	 industry,	 but	 are	 demanded	












Table 1.	 Allele	 frequencies	 of	 AlfaS1-casein,	 AlfaS2-casein,	 Kapa-casein	 and	 Beta-lactoglobulin	
genes	in	Lithuania	goat	breed
Milk protein Lithuanian Zaanen Czech White German White
allele types Native 
AlfaS1-casein	 	 	 	
B	 0.891	 0.643	 0.875	 0.778
E	 0.109	 0.357	 0.125	 0.222
AlfaS2-casein	 	 	 	
A	 0.565	 0.690	 0.675	 0.667
B	 0.435	 0.310	 0.325	 0.333
Kapa-casein	 	 	 	
A+B	 0.826	 0.857	 0.925	 1.000
C	 0.174	 0.143	 0.075	 0.000
Beta-lactoglobulin	 	 	 	
C	 0.913	 0.738	 0.725	 0.722
T	 0.087	 0.282	 0.275	 0.278











Milk protein Lithuanian Zaanen Czech White German White
genotypes Native 
AlfaS1-casein	 	 	 	
BB	 0.83	 0.48	 0.80	 0.72
BE	 0.13	 0.33	 0.15	 0.11
EE	 0.04	 0.19	 0.05	 0.17
AlfaS2-casein	 	 	 	
AA	 0.35	 0.62	 0.50	 0.45
AB	 0.43	 0.14	 0.35	 0.45
BB	 0.22	 0.24	 0.15	 0.10
Kapa-casein	 	 	 	
A+B/A+B	 0.74	 0.80	 0.85	 1.00
A+B/C	 0.17	 0.10	 0.15	 0.00
CC	 0.09	 0.10	 0.00	 0.00
Beta-lactoglobulin	 	 	 	
CC	 0.87	 0.57	 0.55	 0.56
CT	 0.09	 0.33	 0.35	 0.34
TT	 0.04	 0.10	 0.10	 0.10
Table 3.	Frequencies	of	casein	haplotypes	in	goats	bred	in	Lithuania.	*,	Haplotype	was	composed	
from	AlfaS1-casein,	AlfaS2-casein	and	Kapa-casein	alleles
Haploytpe* Lithuanian Zaanen Czech White German White
 Native 
B/A/AB	 0.32	 0.37	 0.42	 0.58
B/A/C	 0.17	 0.06	 0.05	 -
B/B/AB	 0.24	 0.17	 0.32	 0.26
B/B/C	 0.13	 0.06	 -	 -
E/A/AB	 0.06	 0.14	 0.05	 0.11
E/B/AB	 0.04	 0.08	 0.16	 0.05
E/A/C	 0.04	 0.06	 -	 -
E/B/C	 -	 0.06	 -	 -








In	 the	 Native	 Lithuanian	 breed,	 the	 AlfaS2-casein	 AB	 genotype	 was	 found	 at	 a	 high	
frequency,	whereas	the	BB	genotype	at	a	low	frequency.	The	frequency	of	AA	genotype	
was	49	%,	AB	genotype	–	35	%,	and	BB	genotype	–	16	%	of	tested	goats	(Table	2).
The	Kapa-casein	 gene	 has	 been	 analyzed	 among	 Italian,	 Spanish,	 German,	 French	
















 Investigated Lithuanian Zaanen Czech German
 population Native  White White
Observed	H	 0.183	 0.522	 0.143	 0.000	 0.000
Expected	H	 0.258	 0.423	 0.278	 0.180	 0.000
χ2-	test	 7.0	 1.24	 4.95	 20.0	
(P-value)	 (0.0303)	 (0.5381)	 (0.0840)	 (0.0000)	
Table 4.	Observed	and	expected	heterozigosity	for	four	milk	protein	loci	in	Lithuanian	goat	breeds
 Investigated Lithuanian Zaanen Czech German
 population Native  White White
Observed	H	 0.325	 0.293	 0.238	 0.213	 0.222
Expected	H	 0.341	 0.313	 0.397	 0.297	 0.298
χ2-	test	 1.852	 1.226	 0.015	 0.428	 0.184

















In	 the	 Native	 Lithuanian	 breed,	 AlfaS1-casein	 BB	 genotype	 was	 found	 at	 a	 high	
frequency,	while	EE	genotype	at	a	low	frequency	(Table	2).	30	%	of	the	Polish	white	goat	
breed	had	the	BB	genotype;	the	Italian	goat	breed	had	this	genotype	in	25	-	38	%	(Feligini	
et	 al.	 2002).	 No	 BE	 and	 EE	 genotypes	 were	 found	 in	 the	 Italian	Montefalkone	 breed	
(Belivacqua	et	al.	1999).
Caseins	 are	 coded	by	 four	 related	genes	 that	 form	a	 cluster:	AlfaS1-casein,	AlfaS2-
casein,	 Beta-casein	 and	 Kapa-casein,	 found	 in	 the	 6th	 goat	 chromosome.	 Allele	
combinations	 in	 the	 casein	 locus	 (haplotypes)	 are	 closely	 related	 and	 inherited	 as	 one	





All	 Lithuanian	 goat	 breeds	 had	 a	 similar	 level	 of	 genetic	 diversity	 and	 comparable	
number	of	different	alleles	 found	in	the	milk	protein	 locus.	No	unique	alleles	 found	in	
one	breed	 can	be	used	 as	breed	genetic	markers	 to	 serve	 as	marker	 for	 goat	milk	 and	
products	 of	 this	 breed	were	 found.	The	 evaluation	 of	milk	 protein	 allele	 diversity	 and	









The	 goat	 breeds	 can	 be	 characterized	 with	 a	 relatively	 reduced	 level	 of	 artificial	
selection,	 in	 comparison	 with	 cattle	 and	 sheep	 breeds.	 This	 conditions	 a	 high	 level	
of	 genetic	 variability	 in	 goat	 casein	 genes.	 Some	 breeds	 or	 populations	might	 possess	
unique	alleles	or	allele	combinations	that	no	other	breeds	possess,	which	might	be	useful	
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Plasticity of a dune plant Alyssum gmelinii in response 
to sand burial in natural conditions 
Ineta Samsone1*, Ieva Druva-Lūsīte1, Una Andersone1, 
























both	 morphological	 (induced	 clonality)	 and	 biochemical	 adaptations	 (induced	 thermal	 energy	
dissipation)	to	maintain	high	performance	after	sand	burial.














in	conditions	of	 sand	burial	 (Lee,	 Ignaciuk	1985;	Cheplik,	Demetri	1999).	As	a	certain	






















biochemical	 plasticity	manifested	 as	 environmental	 heterogeneity-induced	 adaptations	







Alyssum gmelinii	 is	a	perennial	coastal	plant	growing	on	both	 foredunes	 (white	dunes)	
and	 semi-fixed	grey	dunes.	Particular	plants	on	white	dunes	are	burried	by	 sand	early	























September.	 During	 each	month	 five	 plants	 were	 sampled	 for	 leaf	 chlorophyll	 content	
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and	 chlorophyll	a	 fluorescence	 analysis,	 and	 three	 plants	were	 sampled	 for	 analysis	 of	




Measurement of chlorophyll content and chlorophyll a fluorescence
Leaf	 chlorophyll	 content	 was	 measured	 by	 a	 SPAD-502	 chlorophyll	 meter	 (Konica-







with	 integrated	micro	quantum-temperature	 sensor.	A	 laptop	computer	 equipped	with	
an	appropriate	software	(DA-2000,	Walz,	Germany)	was	used	to	drive	the	measurements.	
Leaves	were	dark	adapted	for	30	min.	The	minimal	fluorescence	level	(F0)	was	measured	























Mycorrhizal	 colonization	 in	 root	 samples	 was	 analyzed	 as	 described	 previously	
(Druva-Lūsīte	et	al.	2008).	Mycorrhizal	colonization	(abundance	of	hyphae,	vesicles	and	
arbuscules)	 was	measured	 and	 both	 intensity	 of	 mycorrhizal	 colonization	 in	 the	 root	
system	(M%)	and	frequency	of	mycorrhiza	in	the	root	system	(F%)	were	calculated.	
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Measurement of soil parameters and mineral nutrients
Soil	 sampling	 and	analysis	was	performed	as	described	previously	 (Druva-Lūsīte	 et	 al.	
2008).	Briefly,	soil	 samples	were	 taken	from	the	root	zone	near	A. gmelinii	plants	(0	 to	
10	 cm	depth).	 For	 each	 sample	 five	 to	 eight	 subsamples	were	 collected	 and	 throughly	
mixed	to	form	one	sample.	Soil	pH	was	measured	in	1:2.5	soil	to	1M	KCl	solutions.	Soil	
electrical	 conductivity	 was	 determined	 in	 a	 1:5	 soil	 to	 deionized	 water	 volume	 ratio	
with	 a	 conductometer.	 Soil	 samples	 were	 air-dried	 and	 sieved	 and	 extracted	with	 1M	
HCl.	The	levels	of	Ca,	Mg,	Fe,	Cu,	Zn,	and	Mn	were	measured	by	an	atomic	absorption	



































by	 location	of	 plants	 in	white	 vs.	 grey	dunes	nor	by	burial	 events	 (Fig.	 6A).	However,	
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Fig. 7.	 Seasonal	 changes	 of	 non-photochemical	 quenching	 (NPQ)	 in	 leaves	 of	Alyssum gmelinii	
in	 different	 dune	 types	 and	 sand	 burial	 conditions.	 Data	 are	means	 ±SE	 from	 10	 independent	
measurements	for	each	dune	type	or	sand	burial	condition	at	every	time	point.
availability.	 Both	 sites	 were	 characterized	 by	 extremely	 low	 N	 and	 K	 concentrations.	











Improved	 growth	 caharcters	 (vigour)	 of	 individual	 plants	 after	 sand	 burial	 is	 a	
characteristic	 feature	 of	 foredune	 perennials	 well-adapted	 to	 frequent	 sand	 accretion	
conditions	 (Maun	 1998).	 Reemergence	 from	 the	 burial	 deposits	 represents	 a	 phase	
of	 mobilization	 of	 stored	 resources	 for	 growth	 in	 order	 to	 reach	 the	 surface	 and	 to	
establish	a	photosynthetic	leaf	area.	After	that,	increased	photosynthetic	capacity	would	
be	 advantageous	 to	 quickly	 replenish	 energetic	 and	 structural	 resources	 necessary	 for	




"Obligate-buried"	species	 from	foredunes	usually	have	 low	vigour	when	growing	 in	
conditions	without	sand	burial	(Eldred,	Maun	1982).	Suprisingly,	A. gmelinii	plants	also	
grew	well	 in	 conditions	 of	 grey	 dunes	with	no	 burial	 events.	These	 plants	 showed	 the	
same	maximal	potential	photochemical	efficiency	of	photosynthesis	(FV/FM)	as	plants	on	
white	dunes	(Fig.	6A)	indicating	that	no	environmental	changes-related	photoinhibition	
of	 photosynthesis	 occurred	 in	 either	 site.	 However,	 a	 certain	 degree	 of	 possible	
photoinhibition	was	indicative	for	all	plants	earlier	in	the	season	(May	-	June).
Table 1.	General	 soil	 properties	 and	 concentrations	of	nutrients	 and	Na	 and	Cl	 (mg	L-1)	 at	 two	
sites	(white	dunes	and	grey	dunes)	with	Alyssum gmelinii.	Data	are	means	from	five	measurements	
throughout	the	season	±	SE.	*,	significant	differences	between	the	sites	(P	<	0.01)
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No	single	mechanism	of	growth	stimulation	by	sand	burial	has	been	established	so	
far.	More	likely,	burial	itself	acts	as	a	signal	for	a	buried	plant	to	use	stored	resources	for	












In	 temperate	 regions,	 more	 than	 95	 %	 of	 sand	 movement	 on	 sea	 coasts	 occurs	
during	 the	 fall	 and	 winter	months	 (Davidson-Arnott,	 Law	 1990).	 Consequently,	 sand	
deposition	in	habitats	with	A. gmelinii	results	in	burial	of	overwintering	vegetative	buds	
in	a	dormant	state	not	on	actively	growing	plants.	Due	to	morphological	changes	after	
sand	burial,	 leading	to	 formation	of	relatively	 independent	daughter	plants,	A. gmelinii 
represent	 facultatively	clonal	plants	 (clonality	 induced	only	after	 sand	burial).	On	grey	
dunes,	A. gmelinii	grow	as	a	shrub	with	lignified	stems.	A	number	of	coastal	plants	exhibit	
clonal	growth	only	after	burial	by	sand.	Formation	of	both	adventitious	roots	and	buds	
on	submerged	rhizomes	of	Honckenya peploides	 is	a	prerequisite	 for	ubiquitious	clonal	
growth	during	the	following	vegetation	season	(Gagne,	Houle	2002).
However,	biochemical	mechanisms	leading	to	adaptation	to	sand	burial	have	not	been	




from	 adverse	 environmental	 effects	 on	 photosynthesis.	Non-photochemical	 quenching	
(NPQ)	was	significantly	increased	in	buried	plants	on	white	dunes	in	comparison	to	non-
buried	 plants,	 indirectly	 suggesting	 that	 these	 plants	 exhibit	 better	 protection	 against	
formation	 of	 rective	 oxygen	 species.	However,	 grey	 dune	 plants	 exhibited	 even	 higher	
levels	 of	 non-photochemical	 quenching.	The	 latter	 could	 be	 an	 indication	 of	 a	 certain	
protection	mechanism	of	photosynthesis	in	stable	substrate	level	conditions.
Sand	 burial	 induced	 increased	 non-photochemical	 quenching	 of	 PSII	 fluorescence	
(Fig.	7),	indicating	enhanced	loss	of	absorbed	light	energy.	However,	PSII	yield	parameters	






protection.	 As	 no	 photoinhibition	 of	 photosynthesis	 was	 evident	 later	 in	 the	 season	
(indicated	by	high	FV/FM),	non-buried	white	dune	individuals	of	A. gmelinii	might	allocate	
resources	towards	protection	against	excessive	light-dependent	reactive	oxygen	species.	

















that	 these	 differences	 can	 not	 count	 for	 the	 observed	 differences	 in	 morphology	 and	
photochemistry	 of	 photosynthesis	 of	A. gmelinii	 plants,	 as	 the	 levels	 of	N	 and	K	were	
apparently	limiting	at	both	sites.	
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Introduction.	 Only	 information	 necessary	 to	 understand	 an	 aim	 of	 the	 work	 as	 well	 as	 to	
provide	a	background	for	performed	investigations	should	be	given	here.	Introduction	should	give	






for	 the	binomial,	and,	when	appropriate,	 cultivar	or	variety	etc.)	 for	all	 experimental	organisms.	
Identify	 the	number	of	 replications,	 the	number	of	 individuals,	 analytic	 replications	etc.	 Include	
methods	of	statistical	analysis.	Give	appropriate	references	on	general	ethic	rules	if	necessary.	











































can	be	used	 if	 the	 term	appears	at	 least	 three	 times	 in	 the	 text.	Do	not	use	abbreviations	 in	 the	
abstract	except	if	used	at	least	three	times.	At	first	use	of	the	term	in	the	text	or	in	the	abstract	spell	
it	out	and	introduce	the	abbreviation	parenthetically.	
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